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PREFACE 


In preparing the material for this book the authors have aimed 
to provide the student of machine drafting with a text and problems 
in accordance with good drafting-room practice. The material 
presented is intended to be useful to the commercial draftsman 
who is fitting himself for the machine design field as well as 
to the technical student in the classroom. 

The place of machine drawing in the engineering curriculum 
lies between a first course in projection study and the advanced 
courses in machine design, while in the drafting rooms of industrial 
plants a textbook of machine drawing is extremely helpful 
to the ‘detail’? draftsman whose work lies between that of the 
tracer and the machine designer or inventor. This text has 
been built up therefore to include features which are of common 
interest to both groups. 

If the working drawing of a machine part is to be of any 
value in the shop where the part is produced, the drawing must 
he complete and the draftsman must be equipped with a knowledge 
sufficient to make it so. In addition to having an understanding 
of projection theory he must be acquainted with the processes of 
machine production and know something of the materials from 
which machine parts are made. He must have a workable 
nystem of specifying size and he should adhere to generally approved 
and recommended standards. In view of such requirements 
attention is called to the chapters on methods and materials of 
machine production and the brief chapter on jigs and fixtures. 
In the chapter on dimensioning and in the problem work the 
wuthors have adopted the basic hole system of dimensioning as 
recommended by the American Standards Association and have 
used such other standards as have been definitely recommended 
hy the Association. 

Two methods of presenting problems have been used: first, 
the conventionally dimensioned problem and, second, the problem 
shown at a convenient scale but without dimensions, this being 
to a certain extent in accordance with shop methods. Many of 
the problems have been designed from blue’ prints generously 
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supplied by manufacturers, and acknowledgment for these is 
made in the text. It is thought that the estimate of time required 
for problem solutions will be helpful to both student and instructor. 

Grateful acknowledgment is made to the members of the 
department of drawing of Northeastern University for their 
helpful assistance; to the United Shoe Machinery Corporation who 
supplied blue prints and additional information ; and to James G. 
McGivern who reviewed the manuscript. 

The writer deeply regrets that Mr. Harry A. Rising, who gave 
unsparingly of his efforts during a long period of illness, did not 
live to see his work completed. In his capacity as research engineer 
for the United Shoe Machinery Corporation, as a member of the 
American Society of Mechanical Engineers, and as a committee 
member in the American Standards Association, he brought to 
this text the judgment resulting from a long and valuable experience 
as a practicing engineer Be eee ec 


Boston, Mass 
May, 1934. 
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MACHINE DRAWING 


CHAPTER I 


METHODS OF MACHINE PRODUCTION 


In this age of invention and labor-saving devices there is an increasing 
demand for the economy and efficiency of mass production. Keen competi- 
tion in business has made it necessary to lay emphasis upon the elimination 
of waste in both method of manufacture and amount of material consumed. 
This naturally leads to a careful observation of every detail in the manufac- 
turing process and calls for extreme care when machinery is the product. 

The chart on page 2 is a brief schedule of the successive steps which are 
usually necessary to produce a machine in large quantities. 


Demand for Machine.—The saving of labor, cutting of produc- 
lion costs, elimination of waste, etc., are but a few of the causes 
which create a demand for new or improved machinery. To these 
may be added the changing of styles, the compulsory installation 
of safety devices, the improvement in construction materials, and, 
more recently, the motorization of individual machines. 

Idea for Construction.—There is an abundance of ideas for the 
construction of mechanical devices, but most of them have to be 
discarded because of faulty design, excessive cost of manufacture, 
or other unsuitable conditions. 

In general, these ideas originate with those who are allied with 
the particular industry concerned. Inventors, designers, drafts- 
men, operators, and salesmen contribute the greatest number of 
worth-while ideas and are often commensurately rewarded for 
(their efforts by the manufacturer who accepts their designs. 


THE EXPERIMENTAL DEPARTMENT 


When a suggested design appears to merit consideration, it is 
wiven to a section of the industrial plant called the experimental 
department. Here sketches and a design layout are made, and 
the machine is built and given a trial to determine its commercial 
value, 

Sketches.—The first sketches made are those which embody 
‘he original idea, They are often called idea sketches, and are 
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usually crudely drawn and incomplete. From whatever source, 
salesman, operator, or draftsman, they will eventually find their 
way to the head of the experimental department. It then becomes 
his duty to place them in the hands of inventors, or persons espe- 
cially qualified to handle the type of design called for in the sketch. 
Consider, for instance, in the manufacture of shoe-making 
machinery, that a shoe-factory operative discovers a new method 
of attaching the heel to the shoe. His idea sketches which cover 
his thought on the subject, upon being purchased by the shoe- 
machinery manufacturing concern, are turned over to designers 
who specialize in heeling machines. Or again, suppose a salesman 
thinks of a more economical way of handling thread in sewing 
machines. His ideas are placed in the hands of men skilled in the 
design of sewing machinery. 

Then these designers, specialists in their field, and having a 
background of years of experimental research, begin their work 
in a scientific way. They make preliminary sketches of what 
seems to them the most suitable design for this particular kind 
of machine. These sketches are submitted to an advisory com- 
mittee of engineers, who decide upon the value of the proposed 
machine as a commercial product. In making its decision this 
committee must give thought to the marketing of the machine, 
the relation of production costs to the company’s financial condi- 
tion, the business outlook for the period of production, and many 
other problems which are not within the province of the designing 
staff. 

Assembly Layout.—Should the report of the advisory com- 
mittee be favorable, it is returned with suggestions attached, to the 
designers, who commence the work of making an assembly layout. 

This assembly layout is a pencil drawing showing all the parts of 
the machine in their relative size and position. Its initial 
purpose is to give all concerned a comprehensive idea of the 
proposed general appearance of the machine. When it is com- 
pleted it is placed in the hands of plant engineers for criticism and 
suggestions. These men, being representatives of the various 
manufacturing departments, discover and overcome any possible 
production difficulties. They then recommend what changes in 
design may be desirable, and return the layout therewith to the 
designers who proceed to incorporate these changes. 

Details.—The design layout is then ready for ‘ detailing,” 
that is, the making of dimensioned working drawings for each 
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part. Such drawings are done in pencil as there is the possibility 
of necessary changes when the machine has been built and tested. 

Experimental Catalogue.—An accurate record of all the detail 
drawings is kept in what is often called an experimental catalogue. 
This record should give at least the name of the part and its 
experimental number, and a list of stock parts required. 

When the catalogue is complete, the detail drawings are checked 
with the design layout. 

Blue Prints.—Blue prints are then made from each drawing 
and sent to the experimental machine shop, where the parts are 
made as specified on the drawings. After these parts have been 
made, they are inspected and returned with the blue print to the 
workroom of the machine designer, where they are assembled for 
the first time into one complete machine. 

Testing.—When the machine has been sufficiently ‘‘run in,”’ 
it is placed in line with other machines and given rigid tests upon 
the type of work for which it was designed. 

If the tests prove entirely satisfactory, a board of engineers 
representing the interests of the company move for its adoption. 
This means that the long experimental period for the machine is 
over and that the machinery plant will undertake to produce the 
machine in quantities as the market may demand. 

The work now passes from the experimental department to the 
production department. 


THE PRODUCTION DEPARTMENT 


Preparation for the production of a new machine cannot be 
accomplished in a short time. Experimental drawings must be 
made permanent, new tools and devices must be designed and 
built, and a schedule of operations must be set up. 

General Drawing Department.—The machine-drafting work 
of a large plant is commonly done in two departments. The 
experimental drawing work which has been described in the 
foregoing is done in the experimental department, while the tool 
design and general drawing and tracing are assigned to the general 
drawing department. 

Some of the duties of the drawing department are as follows: 


1, To ink in, or trace in ink, the detailed drawings of new machine parts as 
these details come in from the experimental department after the final adoption 
of the machine, 
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2. ‘Yo assign and make a list of finishing operations for each machine part in 
the natural order of machining the part. This list is called an “‘operations sheet”’ 
(Fig. 1). The machinist’s attention is called to this sheet by notes or letters on 
the detail drawing which correspond to like notations on the operations sheet. 

3. To make new tracings from existing tracings or drawings as they become 
worn with use. 

4. To “change over” drawings or tracings to correspond to minor alterations 
in the design of machine parts. 

5. To make blue prints from each detail drawing and operations sheet. These 
prints are sent into the shop where the machine parts are made accordingly. 

6. To design machines for special production operations. 

7. To maintain in a fireproof vault and in systematic order all useful drawings, 
not including those still in experimental stages. 


Tool Design.—Tool design is in reality a specialized function 
of the drawing department, but its problems are so different from 
those of general drafting that it is often considered as a separate 
branch. 

Just what is meant by the term ‘‘tools”’ as it may be used in 
machine production is very commonly misunderstood. 

Tools may be divided into three classes as follows: 

1. Machine Tools.—This term is applied to the machines which are used for 
the shaping and finishing of parts for other machinery. Lathes, drills, milling 
machines, planers, shapers, etc., are some of the important machine tools. 

2. Jigs and Fixtures—These terms are applied to auxiliary devices used on 
machine tools to increase production and insure accurate duplication of parts. 

3. Small Tools—Drills, reamers, ordinary and special formed cutters come 
under this classification. 

The tool-design department designs jigs, fixtures, dies, small 
tools, and some special machine tools. Standard drills, cutters, 
reamers, etc., are usually purchased from manufacturers who 
specialize in these articles. The operations sheets described in the 
foregoing are also drawn up in this department. 

Tool Manufacture.—The importance of the manufacture of 
tools cannot be overstressed. They must be accurate, durable, 
and at the same time inexpensive, for quantity production of 
interchangeable parts is dependent upon them. 

Blue-print Routing.—When all is in readiness for production, 
blue prints are made from each detail drawing, and these, with 
operations sheets, are sent into the shops. The route which the 
print takes depends upon the method of manufacture and the 
material from which the part is to be made. 

Pattern Shop.—-When a piece is to be made from cast iron or 
some other casting metal such as brass or bronge, the blue print 
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Pattern, flask, core, and core box. This illustration also shows the impression 
left in the molding sand by the pattern, 
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must go first to the pattern shop where a pattern of the part is 
constructed, usually in wood. ‘This pattern, which appears to be 
a wooden duplicate of the machine part, is used later in the foundry 
to form an impression or cavity in moist sand, into which molten 
metal is poured and allowed to solidify, thus forming the casting. 

The pattern maker is a skilled craftsman. From a flat two- 
dimensional detail drawing he must build up in rounded form the 
shape desired by the draftsman, having in mind all the while the 
problems of the foundry. 

Simple jobs are built up into either one-part or two-part (split) 
patterns, while the more com- 
plicated work requires several 
parts, or perhaps the addition of 
‘‘loose pieces.”’ 

Figure 2 shows a sketch of the 
pattern which would be used to 
make the mold cavity for the 
bracket shown in Fig. 33. 

At places where finished (f) 
surfaces are called for, the pattern 
maker adds from 14¢ to 34 in. to 
the pattern, the amount added being dependent upon the size of 
the casting. This addition is called ‘‘allowance for finish’? and 
provides sufficient metal in which to make a clean cut (see Fig. 3). 

Fillets.—Sharp corners are difficult to obtain in castings unless 
a special grade of iron is used and extreme care is taken in molding. 
They are also a source of weakness because of natural stresses set up 
when cooling takes place. The pattern maker, therefore, rounds off 
outside corners and fillets the inside corners (see Fig. 3). The 
filleting material may be of wood, leather, or wax, or the fillet 
may be worked out of the solid wood of the pattern. 

Cores.—In general, when holes 34 in. or larger ‘in diameter are 
required, or when some portion of the interior of the casting must 
be hollow, cores are made and inserted in the mold cavity. These 
cores exclude the molten metal and thus provide the desired hole 
or hollow (Fig. 2). 

In the sketch of Fig. 2 extensions are shown on the pattern at 
the ends of the 34-in. hole. These extensions, called core prints, 
form impressions in the molding sand and thereby supply a means 
of supporting and locating the core, Cores are made of a mixture 
of sand and some binding material, They are shaped in a mold 


Sharp corner Founded corner 
sanded off 






Allowance 
for finish 


Fig. 3.—Portion of a pattern. 
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called the core box and are then baked hard in a core oven. The 
core box is built by the pattern maker, while the core itself is a 
foundry job. 

Foundry.—When the pattern and necessary core boxes are 
completed, they are sent to the foundry. Here the pattern is 
embedded in specially prepared moist sand, which is contained in a 
box-like structure called a flask. The flask consists of two or more 
parts, depending upon the complexity of the pattern. The lower 
part of the flask is called the drag and the upper part the cope 
(see Fig. 2). The portion of the pattern of greater width is usually 
placed along the plane where the cope and drag meet. The line 
where this plane meets the pattern is called the parting line, the 
location of which is a most important consideration of the designer 
as well as the pattern maker and molder. 

After the pattern has been carefully drawn from the sand, the 
core is set, a gate is cut, and the cope is fastened down onto the 
drag. Then the molten metal is poured through a funnel-shaped 
hole in the cope and allowed slowly to fill the cavity made by the 
pattern. When sufficiently cool, the casting is ‘“‘broken out,” 
snagged and cleaned, ready to be sent to the machine shop for 
finishing. 

Die Shop and Forge Shop.—Many parts are forged from dies 
instead of being cast in sand molds. Dies are expensive, how- 
ever, and forgings are called for only when there is a real need for 
them. They are usually specified when it is desired: 


1. To eliminate costly machining operations in parts of irregular shape, which 
should not be made from a casting material. 

2. To combine strength with lightness in a part. 

3. To effect a saving in material and labor in finishing a part. 


Die forgings are almost never made for experimental machines, 
but it is possible to make hand forgings for some simple shapes. 

The fact that a part is to be forged does not appreciably affect 
the method of making the drawing, but before the forging can be 
done, dies must be made. Extremely accurate and competent 
workmen are employed on this difficult work, in what is called the 
die shops. When the dies are completed they are sent to the 
forge shop where hot, plastic metal is hammered into shape 
between them, 

Dies are also used in various ways in punching, pressing, and 
forming operations, 
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Rough Stock.—Rough stock is metal or other material in the 
form in which it comes from the manufacturer. This includes all 
rolled shapes such as rods, bars, angle iron (Fig. 4), and plate and 
sheet metal; and wire screening, wood, leather, etc. The rough- 


TEE ANGLE 


LLL 
CHANNEL 


Fia. 4.—Common structural shapes. 





stock department cuts the stock into whatever sizes may be 
desired for further shaping and finishing in the machine shop. 

Machine Shop.—By far the greatest amount of work in pro- 
ducing machinery is done in the machine shop. Castings are 





Fia. 5.—Simple lathe operation. 


brought in from the foundry, forgings from the forge shop, rough 
stock from the rough-stock rooms, all to be accurately finished 
with sharp cutting tools on such machines as lathes, drill presses, 
milling machines, planers, shapers, grinding machines, gear-cutting 
machines, boring mills, ete, It is important that the draftsman 
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be familiar with the possibilities and limitations of these machines, 
since his drawings must continually call for operations which are 
to be done upon them. 

The Lathe.—The lathe is one of the oldest and perhaps most 
common shop machines. It is used for turning, that is, finishing 
cylindrical and irregular curved surfaces of revolution, but it may 
also be used for grinding, boring, knurling, thread-cutting, polish- 





Fecmner Countersink. Counterbore. 7ap 


Fic. 6.—Common drill-press finishing operations. 


ing, ete. Figure 5 shows how a simple turning operation is done. 
‘The work is supported between two aligned conical-pointed centers. 
One of these, called the dead center, is held stationary in the tail 
stock, while the live center, held in the headstock, rotates with the 
work. The work is caused to turn against the cutting tool by 
means of power transmitted through the face plate and lathe dog. 
‘The tool post and cutting tool move along the ways of the lathe 
in a direction parallel with the axis of the centers. 

The Drill Press —A simple drill press is necessary equipment 
for any shop. This machine is used to drill holes in work which is 
fastened upon a horizontal table. The cutter, usually a common 
twist drill, is held in a vertical position by means of a chuck or 
other device and is caused to turn and pass down into the work 
at the required speed by means of power derived from an individual 
motor or line shafting. 
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A greater range of work can be done on the semi- and full 
universal radial-type drill press, since it is possible to drill at 
various angles and at varying distances from the supporting 
column. When it is desired to drill a number of holes at the 
same time, a gang drill or multiple-spindle drill is used. 

The drill press is used for reaming, counterboring, counter- 
sinking, etc., as well as for drilling (Fig. 6). 

Drilling as conducted in most shops leaves the inside of the hole 
slightly rough and scored, a condition not suitable for the accurate 
fitting of mating parts. For this reason a reamer is used to follow 


Binding Handlle 






revolving Tob/e. 





Boring Cylinder: 


Turning ylinder: 


Fia. 7.—Boring operations. 


the drill through the hole in order to obtain an accurate finish. 

Drilling is not usually carried beyond 8 in. in diameter and is 
dependent for length upon the size and strength of the drill. 

Boring (Fig. 7).—When the size of the hole is such that it can- 
not be accomplished on the drill press, a method called boring 
is used. If the diameter is large, the work is done on a boring 
mill, a machine having a rotating horizontal table for the work, 
with one or more stationary vertical tools for boring, turning, or 
facing. When the hole is long and small, the lathe may be used 
for boring. 

The Milling Machine (Figs. 8, 9; and 10).—Plain and universal- 
type milling machines are widely used in the machine shop for 
finishing flat and irregular curved surfaces. Rotating circular 
cutters having a number of teeth or cutting edges mill their way 
through the work as it is fed against them, Plain surfaces, slots, 
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gear teeth, fluting, and similar finishing are easily accomplished 
with ordinary milling operations. 

The Planer (Fig. 11).—The planer is usually a heavy-duty 
machine, being used to cut down and finish off large, flat surfaces. 
The work is fastened to a horizontal table or platen which moves 






Ser 
pee ay 









Fia. 8.—Gang-milling operation. Fig. 9.—Milling operation using 
form cutter. 


with reciprocating motion toward, and away from, the cutting 
tool. The tool advances for successive cuts as each return motion 
of the table is completed. 

The Shaper.—The action of the shaper is almost the reverse 
of that of the planer, that is, the tool moves 
across the work, which is held stationary 
except for the feeding movement at the 
termination of each return stroke. The 
shaper is used for flat finishing of small 
surfaces, and although faster than the 
planer, it is not speedy enough for general yy¢. 10.—End-milling oper- 
production. It is well adapted to the ation. 
finishing of flat dead end interior surfaces, as illustrated in 
Wig. 12. 

"Bound (Fig. 13).—When it is required to finish the inside of 
1 hole to a shape other than round, a tool having cutting edges of 
the shape desired, and called a broach, is pulled or pushed through 
the work. The cutting teeth of the broach increase from the 
original size of the hole to the size of the required shape. 

Grinding.—Grinding consists of bringing a rapidly rotating 
abrasive wheel into contact with the surface to be cut, thus remov- 
ing the material by small particles. It may be used for taking 
rough cuts and for such work as removing fins and projections on 
castings. In the machine shop it has come into prominence as a 
final finishing operation where accurate dimensions are necessary, 
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Inspection.—Before completed parts are allowed to leave the 
manufacturing department for the assembly floor they must be 





Fig. 11.—The planer. 


measured to make certain that all dimensions come within the 
limits specified on the drawing. This inspection is facilitated by 


TH a 


ia, 12.——Type of surface finished with shaper. 


the use of many forms of calipers and gages, some of which are 
illustrated in Fig, 14, 


Via, 14.—Gages. 
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AO 


Broach work 


Fig. 13.—Broaching tool and work. 


yas 





ie F 
A, inside caliper; B, outside caliper; C, micrometer; D, center gage; 
BE, plug and ring gage; F, snap gage. 
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: Parts which are found to be inaccurate or which contain 
aws that would interfere with the designed function of the part 
are cast aside and termed ‘‘junk.”’ : 


manta hne general parts are painted after inspection and 

Assembling Floor.—When all the parts for any one machine 
have been manufactured they are gathered from stock or from the 
producing departments on the erection or assembly floor. Here 
with the help of assembly blue prints they are fitted together into 
one machine. The individual machine is then ‘‘run in” and tested 
for its acceptability as a commercial product. 





CHAPTER II 


MATERIALS OF MACHINE PRODUCTION 


Modern machine design demands a great variety of material from which 
to manufacture parts. Among the metals, iron and steel and their alloys, 
of course, take the lead, although aluminum, brass, and bronze are consumed 
in large quantities. 


Pig Iron.—All iron and steel are made from pig iron, a com- 
mercial product obtained by melting and refining iron ore in a 
huge stack called a blast furnace. Pig iron contains about 93 
per cent iron, 4 per cent carbon, and the remainder impurities. 
To be made useful to industry it must be further refined, the 
method being dependent upon the product desired. 

Cast iron is easily produced in the foundry by melting pig iron 
in a cupola or in an air furnace, thus making it suitable for pouring 
into molds to form castings. 

The cheapest and most common kind of cast iron is known as 
gray iron. It has a rather soft, open-grained structure, is easily 
machined, and runs well with most other metals if properly 
lubricated. It is used for ordinary machine castings such as 
machine frames and bases, links, gears, and many irregular shapes 
where weight and bulk are not undesirable. 

Semi-steel.—A grade of iron known as semi-steel is made by 
mixing scrap steel with pig iron during the melting. The product 
is used for castings requiring greater strength than that afforded 
by gray iron and where the cost of drop-forging dies for forging is 
not warranted. 

White Iron.—When the carbon in cast iron is in chemical 
combination with the iron as cementite, it is known as white iron, 
and as such is hard, brittle, and not useful. 

Malleable Iron.—Castings may, however, be made of white 
iron and then softened, toughened, and strengthened by a long 
annealing process, thus transforming them into malleable iron, a 
material more readily machined than white iron. 

Malleable-iron castings are used where more toughness is 
required than most cast metals afford and, of course, where the 
oxpense of dies for forging is not warranted. Pipe fittings, car 
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couplings, and other irregular shapes are made of malleable iron. 

Wrought Iron.—Forge pig iron, melted to a spongy mass in a 
puddling furnace, withdrawn, and hammered into commercial 
shapes, is known as wrought iron. It contains very little carbon, 
but has about 3 per cent of slag which, when the shape is rolled, 
gives it a fibrous structure. 

It is soft, tough, easily forged and welded, and offers some 
resistance to corrosion. Since it cannot be heat-treated, it is not 
suitable for edge tools. 

The cost of producing first-quality wrought iron has restricted 
its use to such parts as require its particular characteristics. It is 
used for chains, lifting hooks, bolts, rods, rivets, tubing, etc., and 
in places where welding and forging metal may be used. 

Steel is known by its method of manufacture, its carbon con- 
tent, the element with which it may be alloyed, the use to which 
it is put, and somewhat by its commercial form. So many grades, 
qualities, and alloys of steel are now procurable for both common 
and special purposes that only those in very general use are described 
here. 


STEEL BY METHOD OF MANUFACTURE 


Cementation or blister steel is made by carburizing bars of 
wrought iron in sealed pots kept at high temperatures over a 
period of many days. The product until recent years was used 
for best grades of cutlery and fine tools, but it now serves only as 
the raw material of the crucible process. 

Crucible Steel.—Small pieces of wrought iron or blister steel 
are melted with carbon and other elements in a crucible to form a 
product which can be used in the manufacture of the best grades 
of tools and cutlery. In general it is too expensive for common 
machine parts. - 

Bessemer steel is made by forcing finely divided air currents 
up through liquid pig iron to burn out the impurities. The 
process is in limited use because of the difficulty in controlling the 
product, and because of the small capacity of the furnace. Bes- 
semer steel is used where ordinary grades of steel are acceptable. 

Open-hearth Steel.—By far the greatest tonnage of. steel 
manufactured today is produced in the open-hearth furnace. In 
this process the impurities are removed from a hearth of molten 
pig iron and serap steel by the oxidizing effect of flames and gases 
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which sweep over the metallic pool. The product is a mild and 
medium carbon steel of ordinary quality for general use. 
Electric-furnace Steel.—Because of the absence of fuel gases 
the electric furnace is capable of producing the finest qualities of 
steel (in small quantities). The product is used for tools, cutlery, 


and special purposes. 
STEEL BY CARBON CONTENT 


Low-carbon Steel (0.08 to 0.20 Per Cent Carbon).—This is a 
soft or mild steel. It is used where material is to be removed by 
machining after hardening and for seamless tubing, pressed steel 
work, etc. It tears badly when machined. tA 

Medium-carbon Steel (0.18 to 0.30 Per Cent Carbon).—This is 
steel of medium hardness and is often called medium steel. It 
forges, machines, and pack-hardens well and is in general use 
for lightly stressed parts. . 

High-carbon Steel (0.30 to 1.5 Per Cent Carbon).—This is 4 
hard steel used in the lower carbons for structural work, auto- 
mobile axles, forgings, driving shafts, etc., and in the higher 


carbons for springs, edge tools, ete. 


NONFERROUS METALS 


Aluminum.—Recent expansion in the manufacture and use of 
aircraft has brought aluminum into considerable prominence, 
although its use is by no means confined to this industry. Alumi- 
num and its alloys combine lightness with ductility, strength, 
high electric and heat conductivity, and malleability. It resists 
the action of some acids, is noncorrosive and may be cast, pressed, 
forged, rolled, or drawn. The best aluminum castings are obtained 
when copper is used as an alloy. 

Brass is an alloy of copper and zine. It is ductile, works well 
jither hot or cold, and may be cast, rolled, stamped, or drawn. 
lt. is used for piping, tubing, casting, or in places where resistance 
(0 corrosion is a factor. 

Bronze is an alloy of copper and tin. It is used in bar, tube, or 
sheet form, but is usually cast. It is hard, and like brass resists 
corrosion. Gears, stuffing boxes, piston rings, valves, and plumb- 
ing fixtures are among its uses. Manganese and phosphorus are 
used as alloying elements. 

Babbitt metal is an alloy of lead, tin, and antimony and is used 


very commonly as a bearing metal, 
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Hardening and Tempering.— When the normal hardness of a 
part or portion thereof is not sufficient to stand up under the work 
it is called upon to do, it may be hardened. 

This is done by heating so as to change its molecular structure 
and then quenching in a bath of oil or other liquid to retain the 
structure as changed. 

Tempering consists of drawing the hardness of the part down 
to the required amount by allowing it to come to a definite tempera- 
ture, say 450°F., and then quenching. The draftsman uses a note 
on his drawing as ‘‘ Harden and draw to 450°F.” 

Annealing.—This process consists of returning a hardened 
part to its original normal state. Its purpose is to soften the 
metal for machining and to remove any strains incurred during 
the heating and working. It is accomplished by heating and 
subsequent slow and even cooling. 


MATERIALS FOR MACHINE PARTS 


To assist in the selection of a material for a definite application, 
the following materials common in the manufacture of machinery 
are listed. 

Casting METALS 


S.A.E.-30 Aluminum-alloy Casting. 
Tensile strength about 19,000 lb. per square inch. 
No heat treatment required. 
Used where lightness is the dominant factor. 
All bearing surfaces should be bushed with some suitable bearing metal. 
Has good machining qualities. 


Baush A5 Aluminum-alloy Casting. 
Tensile strength about 27,000 lb. per square inch. 
Heat to 925°F., quench in hot water, and temper 2 hr. at 300°F. 
Bush all bearings with a suitable bearing metal. 
Is durable for cams using hard steel rolls. 
Used where lightness and strength are required. 


S.A.E.-43 Manganese Bronze Casting. 
Tensile strength about 60,000 Ib. per square inch. 
Often used as a substitute for forgings on experimental work. 
Is poor as a bearing metal. 
Rather hard to machine. 
Very strong and tough. 


S.A.E.-64 Phosphor Bronze Casting. 


Tensile strength about 28,000 lb, per square inch, 
"Yned for high-apeed journal bearings with medium-carbon steel journals. 
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S.A.E.-65 Phosphor Gear Bronze Casting. 


Tensile strength about 25,000 lb. per square inch. 
A very hard bronze for heavy duty. 
Used for worm gears and worms and as a bearing metal for hardened steel. 


§.A.E.-11 Babbitt Metal. 


A bearing metal to be run with medium carbon steel. 
Used for heavy duty. 
Can be die cast. 


§.A.E.-14 Babbitt Metal. 
A bearing metal to be run with medium-carbon steel. 
Used for light loads and high speeds only. 
Can be die cast. 
Should not be substituted for 8.A.E.-11. 


Gray-iron Casting. 
Tensile strength about 20,000 lb. per square inch. 
Runs well with itself and most bearing metals if well lubricated and if the 
pressure and speed are not high. 
Used for the ordinary run of machine parts. 


Semi-steel Castings. 
‘Tensile strength about 30,000 lb. per square inch. 


Machines well. 
Used for gears, cams, steam cylinders, valves, etc., and where maximum 


strength is required. 


§.A.E.-Malleable-iron Casting. 
Tensile strength about 45,000 lb. per square inch. 
Not good as a bearing material. 
Used for its toughness and where dies are not warranted. 


STEELS 


§.A.E.-1010 Steel. 
‘Tensile strength about 55,000 Ib. per square inch. 
Poor machining qualities. 
Not good as a bearing metal. 
Used when material is to be removed after carbonizing in order that machine 
work may be done. 


§.A.E.-1112 Steel. 


Machines well. 
Poor bearing metal. 
Used for lightly stressed parts. 


§,A.E.-2315 Nickel Steel. 


Tonsile strength about 125,000 Ib, per square inch, 
Used only for pack-hardened parts where a tough, strong steel is necessary. 
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S.A.E.-6150 Chrome-vanadium Steel. 


Forges well. 
Runs well in gray cast iron or hard-bronze bearings. 
Used for highly stressed parts and where good wearing qualities are essential. 


Tool Steel (1.10 Carbon). 


Can be run in gray cast iron or nard bronze. 
Used where an ordinary grade of straight-carbon tool steel is sufficient. 


S.A.E.-71,660 Tungsten High-speed Tool Steel. 


Used for hardened parts which must retain their hardness when heated. 
Wood-cutting tools and dies are sometimes made of this steel. 


Cold-rolled Bessemer Sheet Steel. 


For press work, punchings, forming, etc. 
Comes soft, half hard, and hard. 

Use soft for deep forming. 

Use half hard for ordinary bends. 

Use hard for blanking. 

Birmingham gage. 


Spring Sheet Steel. 


For flat springs, punchings, and plate. 
Does not form readily on intricate shapes. 
Comes soft, medium, and hard. 
Hard temper used for springs, brake bands, etc. 
Birmingham gage. 

Sheet Iron. 


This is a common black sheet iron. 
For thickness use U. S. standard gage for plate. 
For general use on unimportant sheet-metal work where corrosion is not @ 


factor. 
Galvanized Sheet Iron. 
For general use on unimportant sheet-metal work where corrosion is to be 
guarded against. 
For thickness see Birmingham Gage. 
Brass AND TUBING 


S.A.E.-70 Sheet Brass. 
A sheet brass for general use, produced in varying degrees of hardness. 
Brown and Sharpe wire gage. 

§.A.E.-74 Annealed Seamless Brass Tubing. 


Tiaed where an ordinary grade of brass tubing is sufficient. . 
Tubes are clean, smooth, and free from injurious defects, both inside and 


outalde, 
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Seamless Steel Tubing. 
For general use. 
Use hard temper for stiffness. 
Use medium temper for toughness and strength. 
Use soft temper for forming and bending. 
Birmingham wire gage. 
WIRE 
Music Wire. 
Used for coil springs where diameter of wire is 0.037 in. or less. 


It is a highly finished wire. 
Webster and Horsefall gage. 


‘Tempered Spring Wire. 


Used for coil springs where diameter of wire i 
wire is greater th i 
Washburn and Moen gage. aon 


There are, of course, many materials other than those cited 
above, which are used in the manufacture of machinery, wood 
rubber, leather, cloth, rope, and various manufactured matowials, 
to mention but a few. Information relative to such materials as 
best obtained from the dealers or from the manufacturers. 

Rolled-steel Shapes.—Structural rolled steel is used to some 
extent in machinery, although its greatest use is for the construc- 
tion of buildings, bridges, ete. A few of the common shapes are 
shown in Fig. 4. For complete information the handbooks 
issued by the large steel companies should be consulted. 








CHAPTER III 


PRINCIPLES AND MATERIALS OF DRAWING 


The quality of workmanship on any type of construction is not dependent 
on the workman alone, but in large measure upon the quality of the tools 
which he uses and the materials upon which he uses them. Accurate drawing 
instruments and a good grade of paper, pencils, ink, etc., are as essential in 
the drafting room as are fine cutters and steel in the machine shop. 


Paper.—In general, commercial drawing rooms require paper 
for two purposes, first, one upon which the layout of the machine 
may be made, such as assembly drawings, and second, one upon 
which the finished working drawing or detail is made. For the 
layout a tough, hard-surfaced paper with sufficieat grain or 
“tooth” to take the pencil, and with firmness enough to resist 














TasieE 1 
Commercial size sheets Divisions of imperial sheet 
: . Outside Borderline 
Dimensions, jails ‘ ‘ , : 
Name : Division dimensions, | dimensions, 
inches : A 
inches inches 

Double elephant........ 27 X 40 | Whole sheet.......| 22 X 30 20 X 28 
Imperial..........-.-+- 22 xX 30 | Half sheet.........| 15 X 22 14 X 20 
Royal...........-+.+-| 19 X 24 Quarter sheet...... 11 xX 15 10 x 14 
Medium............---| 17 X 22 | Eighth sheet....... 814 X11 7X10 
Demy.......-. 05582005 15 X 20 
Capiiisds oe daens oaeae 13 X 17 





much erasing, should be selected. Cream, buff, and white are~ 


used. For the detail drawing, from which blue prints are often 
made, a tough, light-weight, white bond paper adapted to pencil 
and ink, and of good erasing quality, is considered best. Heavier 
cream and buff drawing paper of ordinary grade is acceptable for 
the detail, if it is not desired to make blue prints from it. When 
heavy paper is used, a tracing must be made in order to obtain 
blue prints. The layout paper is usually supplied in rolls, and cut 
to widths varying in size between 30 and 62 in. and in lengths from 
10 to 50 yards to the roll, ‘The detail paper is ordinarily used in 
sheet form, common sizes of which are listed in the table above. 
24 
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Information concerning a great variety of papers may be obtained 
from such supply houses as Keuffel & Esser Co., New York, and 
lugene Dietzgen Co., Chicago. 
The Pencil.—Uniformity of quality and a hardness adapted to 
the surface of the paper are factors which determine the selection 
= pencils. Pencils are graded according to their hardness from 
OI, 8H, etc., the hardest, down to 6B, the blackest and softest 
| he harder grades are employed when extreme accuracy and fine 
lines: are required on layout and design work, while the softer 
pencils are used in lettering and sketching. The 4H and 5H pencils 
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Fig. 15.—Pencil points shown at correct size. 


noom best adapted to ordinary layout and detail work, while a 2H 
in recommended for lettering, and also for pencil drevrin s from 
which it is intended to make blue prints. f 

The importance of the consideration which should be given the 
pencil point cannot be overstressed. It is as ridiculous for the 
dat tsman to expect to get sharp, clean-cut lines from dull, stubb 
loud, as it is for the machinist and pattern maker to get eccuts 
finishes with dull cutting tools. For sharp line work most drafts- 
non use a “wedge” or ‘chisel point,” and for lettering, sketchin 
olc,, & conical point. = 

‘To sharpen the pencil remove the wood from the unprinted 
ond, as in Fig. 15, thus retaining upon the pencil the number 
(lonignating its degree of hardness. Then with sandpaper or file 
rub the lead down upon opposite sides to obtain a chisel point 
wid all around to obtain a conical point. ° 

The Scale.—The drawing of a machine part is made the same 
sive as the part itself, in so far as drawing room standards for size 
of paper permit, This is called full-size drawing, When the sant 
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is too large to be conveniently drawn at full size, it is drawn at 
one-half or one-quarter its natural size. This, or any other 
desired reduction, is best accomplished by using a scale graduated 


TaBLE 2.—ScaALE GRADUATIONS 





Mechanical 





; : Civil engineer’s Architect’s 

engineer’s 

{” = 1” 1” = 10’ 0” 1? = 0’ 1” 

yy" = 1” 1” = 20’ 0” Su = 1’ 0” 

yr" = 1" 17" = 30’ 0” 1 yy" = {/ 0” 

4" — 1" 1” = 40’ Oo” 1” = nk 0” 

° 1” = 50’ 0” 34" = 1’ 0” 

1” = 60’ 0” yg" = 1! QO” 

36" =1'0” 

yr = 1’ Qo” 

346” = 1’ 0” 

1" =1'0” 

349!” = 1’ 0” 





to show the relation between the real size of the part and the size 
of the drawing of the part. Likewise, when parts are extremely 
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Fia. 16.—-Flat and triangular scales compared at true size. 


small, the drawings for them are made larger than the natural 
size of the part, according to some chosen scale. a 

In machine drawing the mechanical engineer's or architect's 
seale is used in two common forms, flat, and triangular. Both 
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forms are shown in Fig. 16 and are placed to show how a measure- 
ment of 214 in. is accomplished on a half-size drawing. 

The following divisions may be found on a triangular scale: 

On the mechanical engineer’s scale the unit of measurement is 
one inch. This is subdivided into halves, quarters, eighths, 
xixteenths, ete. On the architect’s scale the unit of measurement 
is the foot and this is subdivided into twelfths. The civil engineer’s 
xeale has the inch divided into some multiple of ten, the unit of 
icasurement being 10 ft., 20 ft., 100 ft., 200 ft., etc. (Table 2). 





Full Size Healt Size 





Fic. 17.—Application of scale to full-size and half-size drawing. 


Although the draftsman may make his drawings smaller or 
larger than the machine part represented, he always gives the true 
sie in dimension figures, and he always thinks of the part in its 
(rue size. 

The front view of a cut block is shown twice in Fig. 17. One 
view is drawn at full size, while the other is drawn at one-half 
sino. Notice that both use the same figures in dimensioning. 

Projection Review.—\Since pictorial views and sketches cannot 
idequately explain just how a draftsman intends a machine part 
(0 he made, it has been necessary to devise a system which, in a 
simple way, gives the desired information to the workman. This 
system, called orthographic projection, may be explained as 
follows: Imagine the cut block, Fig. 18, I, to be placed in a trans- 
parent box, ITI, the surfaces of which are at right angles. Project 
the various edges of the block upon the surfaces of the box by 
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means of projectors which must be taken perpendicular to the box 
surface upon which the projection is made. That projection which 














ia. 18.—Orthographie projection. 


is shown on the horizontal (1) surface will be recognized as oo 
top view of the block; those which are shown upon the profile (P) 
surfaces represent the side views; and that which is found upon 





PRINCIPLES AND MATERIALS OF DRAWING 29 


the vertical (V) surface is the front view. Since the draftsman 
works upon the one plane of the drawing paper (Fig. 18, IV), it 
becomes necessary to get all views onto that one plane and at the 
same time maintain their proper relation with each other. Con- 
sider the paper to coincide with the vertical plane of the box, 
thereby getting the front view into position on the paper. If, 
now, the horizontal and profile planes be swung into the plane of 
the paper about their respective axes as indicated, we shall have 
(the views in their customary position on the paper. Figure 18, 
IV, V, VI, and VII, shows the drawing paper with three views 
(hereon, mounted upon a drawing board. The lines indicating 
the edges of the transparent box have been removed and a title 
has been drawn in its probable location. Thus we have the 
shape description of the machine part. 

This type of projection is called third angle or third quadrant 
projection (Fig. 18, II), because the part is considered as having 
heen placed in that relation to the horizontal and vertical coordi- 
ite planes of projection. Although the orthographic projection 
vould as well have been accomplished by placing the part in any 
one of the other three quadrants, it is not considered good practice 
in this country to do so. The third quadrant is that theoretical 
portion of space located behind the vertical plane and below the 
horizontal plane. 

Selection of Views.—The draftsman should always select such 
views as will best describe the part. These views are not selected 
und placed at random, but must be made in strict accordance with 
(he rules of orthographic projection, that is, the position of the 
part must be considered as definitely fixed in the third quadrant 
und not moved until all projections are completed. 

l’our combinations of views are shown at IV, V, VI, and VII, in 
I'iy. 18. In the first arrangement, which is the one commonly 
\wod in practice, the H plane has been swung up, and the P plane 
wwung to the right to coincide with the plane of the paper. In 
(he second arrangement, shown at V, the H plane has been swung 
up, and the P plane swung to the left. At VI, the P plane has 
hoon swung up to the right into a horizontal position, and then 
hoth H and P have been swung up to the plane of the paper. At 
VII, the P plane has been swung up to the left, and then both H 
wd P have been swung up to the plane of the paper. 

A further discussion of the selection of views will be found in 
the section on detail drawing in Chapter IV, 
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Auxiliary Views (Fig. 19).—Projection upon the vertical, 
horizontal and profile planes as just described will usually produce 
a sufficient shape description of the part. When, however, it is 
desired to obtain the true shape of a surface which is not parallel 
with V, H, or P, it then becomes necessary to make use of another 
plane of projection. This other plane is made parallel with the 
surface to be described and is called the auxiliary plane. Upon 
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Fic. 19.—The auxiliary plane and application. i a 

this plane the surface is projected by means of the usual projectors. 
This projection is called an auxiliary view. " 

An auxiliary view is not always confined to the description A 
of one surface. It may include portions of the object surrounding x 
that surface or in fact the whole of the object. This is done in \ 
order to express the relation of the slant auxiliary surface to the 
other surfaces which surround it. Figure 20 illustrates this use of 
the auxiliary view. 


It is good practice to build the auxiliary view around what is Fra, 2l.—Use of reference plane and reference line, 
called the reference plane, This reference plane may be located 
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upon a side or through the center of the surface to be described. 
An example of the use of each method is shown in Fig. 21. 

Lettering.—If the drawing of a machine part is to accomplish 
its purpose it must, in addition to a correct shape description, 
be carefully drawn and carefully lettered. The character of the 
line work and the lettering gives the drawing what is known as 
technique, a phase of drafting which is too often neglected. 

Since the different views of a drawing are intended to yield as 
much information as possible, only such lettering as is necessary 
for a full understanding of the drawing should be placed upon it. 
Best results may be obtained by giving consideration to the 
following essentials: 


1. Forms of the letters. 

. Use of guide lines. 

. Slant of the lettering. 

. Spacing of the letters in words. 

. Spacing of the words in lines of lettering. 

. Spacing between lines of lettering as in notes, titles, etc. 


oor Wd 


Inclined Gothic lettering, because of its simplicity and natural 
slant, is often selected for machine drawings. The capital letters 
are used for titles and principal notes, and lower-case letters for 
subnotes and information of minor importance. 


4 Units 64 Units Slits 
Fig. 22.—Exceptions to width rule. 


All capital letters, with the exception of four: I, J, M, and W 
(Fig. 22), should be made to appear of uniform width. Because 
of certain optical illusions (Fig. 23) those letters which appear of 
uniform width are realiy of four different widths, as will be noticed 


@OHAZX | 


Fig. 23.—Illustration of optical illusion. 


in the illustrations. A letter is considered of normal width when 
its width is five-sixths of its height.. Figure 24showsa parallelogram 
five units wide and six units high, which might be considered as an 
exact enclosure for a normal letter. The two-five slant is used, it 
being determined by finding the slope of the hypothenuse of a 
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triangle having a two-unit base and a five-unit height (Fig. 25). 

Because a circle appears smaller than a square (Fig. 23) the 
four round letters O, Q, C, and G (Fig. 26), if made normal size, 
will appear smaller than normal. Therefore they are made 


[ 


Via. 24.—Letter parallelogram. Fie. 25.—Slant. 


Slightly Larger than Normal 
Fig. 26.—Round letters. 


slightly larger, in both width and height. For similar reasons 
K, V, Y, and T (Fig. 27) are made wider than normal. M and W, 
had ause of their construction, would appear too large, and are 
therefore slightly compressed. 


ly TT ILLIA CAL 
| FHIQHIAT CAT VEVK YZ) 


Normal Letters 5 Units Wide 





Notice that the side walls of the letter M are parallel, whereas 
those of the W are not. A (Fig. 28) being naturally narrow at the 
lop, and X narrow at the waist, are made slightly wider than 
normal. Figure 23 will explain this. The base line of the L is 


53 Units Wide 6 Units Wide 443 Units Wide 
Fig. 27. Fia. 28.—Narrow form. 


made shorter than the top line of the T because of the illusion that 
ihe upright of the T has made the top line seem shorter (see Fig. 
98), The numerals are all of normal width (Fig. 29). 


OIZEQOO 


Fig. 29.—Numerals. 





The height of the body of the lower-case letters should be two- 
thirds of the height of the capital letter which accompanies them 
(Hig. 80), The stems are as high as the capitals, with the exception 
of the t, which is not quite so high, The stems of g, j, p, g, and y 
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do not extend below quite as far as the others extend above. 
Figure 31 shows a grouping of lower-case letters according to form. 


Fland- 


Fia. 30. 


Same Proportion as Capital Letters 


abcdegopgq Vy 
pharm tytt 


Fig. 31.—Grouped according to form, 


10" SPEED LATHE 


HEAD-STOCK DETAILS 


SCALE FULL SIZE 
MARCH |2 1934 


Fia. 32.—Example of balance in title degn. 


When there is no box or conventional border-line form to enclose 
the title, care should be taken to group the words so as to obtain a 
pleasing balance about a center line (Fig. 32). 





CHAPTER IV 


GENERAL DRAFTING-ROOM PRACTICE 


Drafting-room practice in the making of machine drawings varies greatly 
among different concerns. What may be considered as well suited to the 
needs of one plant may be poor practice for another. The methods employed 
are usually governed by the type of machinery being produced, and by the 
dictates of generally accepted good practice. 


Assembly Drawings.—An assembly drawing is one which shows 
the relative size and position of the various parts of a machine. 
It is usually done in ordinary orthographic projection, but may be 
in pictorial form when it must be understood by those not familiar 
with the graphic language. 

An assembly drawing has two primary purposes: 

1. It is the designer’s layout of the machine. As such it is 
done in pencil on heavy, good-quality drawing paper and at full 
size if possible.t In the process of developing the layout the 
designer must have in mind: (a) space conditions, in order to 
avoid interference of parts, (b) ease in assembling and dismantling, 
(c) accessibility of parts for purposes of repair and lubrication, (d) 
efficient transmission of power, (e) ease and means of operation, 
(f) inclusion of belt guards or such devices as will provide for the 
safety of the operator. Only important center distances and such 
dimensions as must be strictly observed are given. The size, 
finish, and general dimensioning of parts are left to the draftsman 
who makes the detail drawings. An example of an assembly 
drawing may be found in Fig. 309, page 287. 

2. It is an erection drawing according to which the parts of the 
inuchine are assembled. ; 

In this case it may be made from the original designer’s layout 
or from the detail drawings. It is not necessary that every line 
he drawn, but only such as will serve to give information for 
putting the machine parts together. 

With some machines of very few parts it is occasional practice 
to include all the detail description in the assembly drawing, thus 
eliminating the necessity of making a separate working drawing 


' Dowignors’ drawing boards run in size up to 6 ft, square and sometimes larger, 
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for each part. This type of drawing is called a working assembly 
drawing. 

Assembly drawings may be made merely as full-line drawings 
or in section, with much of the detail omitted, thus giving an idea 
of the general proportions of the visible members. Such draw- 
ings, called outline assembly drawings, are used by salesmen, 
customers, and for catalogue purposes. 

In the design of tools such as jigs, fixtures, etc., an assembly 
layout is made similar in purpose to that made by the machine 
designer. The layout includes the part to be machined and is 
actually drawn around it (see Fig. 264, Chap. XIII). 

Diagram assembly drawings include piping layouts, electric- 
wiring diagrams, shop-floor layouts, etc. The piping, the wiring, 
the shafting, and machine position, respectively, are featured in 
such drawings. 

Making the Assembly Drawing.—No definite set of rules can 
be given which will apply to the making of all assembly drawings. 
There are, however, a few common-sense points which are naturally 
followed. Some of these are listed below. 


1. Determine the outside dimensions for the whole drawing including all 
auxiliary views and sections as well as the main views, before choosing the size of 
paper. Make the drawing full size if possible. 

2. Place main center lines and then build the general outline, working in all 
views concurrently. 

3. Fill in the minor work of the drawing. 

4. Make whatever sections and auxiliary views are necessary. 

5. If the assembly is made from detail drawings use each as a check on the 
other. 


Detail Drawings.—The detail drawing is one which gives a 
complete shape and size description of the part together with 
such other information as is necessary in its manufacture. 

Under ordinary conditions the machinist concerns himself 
with the manufacture of but one part at a time. Consequently 
it is best that he be given a blue print describing only that part, 
and since the blue print given him is a reproduction of the detail 
drawing it is therefore good practice to use a separate sheet for 
the detail of each part. 

The detail drawing of a common form of machine part is 
illustrated in Fig. 88. Any such drawing should contain: 


1. A complete shape description, 
2. A complete size deseription, 
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3. Notation describing successive finishing operations. (The circled letters 
of Fig. 33 indicate operations which are described on the operations sheet, a 
print of which usually accompanies the blue print of the detail to the shop. 
ligure 34 is the operations sheet for the detail drawing of Fig. 33.) 





WAX POT BRACHET 





¥29 DRILL 


FOP OIL 





casT PON 
2 ORNL, 


one- Fs 


Fic. 33.—A detail drawing. 


4, Specification of material from which the part is to be made. 

5, ‘The number of this particular detailed part required for each machine. 
(, Title, information box, or record, 

7, The machine symbol and sheet number in diagonally opposite corners, 
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OPERATIONS 
ROUGH GANG MILL C AND CI 


NOTE:—ROUGHING GANG FIN- 

ISH MILLS 34” CLEARANCE CUT 
FINISH GANG MILL C AND C, 
MILL D 


SCRAPE C,; TO REMOVE BUNCHES 
ONLY 


ROUGH MILL J 


FINISH MILL J 


MILL H 


GANG MILL I-I 


DRILL AND PILOT REAM E 


DRILL F 


DRILL 2 HOLES G 


C’ SINK 2 HOLES G FOR TAPPING 


FINISH TAP 2 HOLES G IN TAP- 
PING MACHINE 


FINISH REAM E 


BURR AND FIT TO TEST GAUGE 


INSPECT 


TOOLS 


#1 MILL FIXTURE, GANG CUT- 
TERS B 


#1 MILL FIXTURE, GANG CUT- 
TERS C 1%” SET BLOCK 
#2 MILL FIXTURE, 14” SET BLOCK 


#3 MILL FIXTURE 
#3 MILL FIXTURE, i,” SET 
BLOCK 


#3 MILL FIXTURE, 34” SET BLOCK 


#3 MILL FIXTURE, GANG CUT- 
TERS 13g” SET BLOCK 


DRILL JIG, 232” DRILL, REAMER 
K #188 


DRILL JIG, 44” AND #29 DRILL 
DRILL JIG, 546’ DRILL 

90° C’ SINK 

34.16 N.C.-2 TAP 

REAMING FIXTURE AND REAM- 


ER BAR WITH SHELL REAM #5 
TEST BLOCK OF SM-67 


TEST BLOCK OF SM-67 


SM-67 
By R. A. D. 
Date 





Fria, 84.--Operations sheet for detail drawing of Mg, 88, 
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One-view Drawings.—It is not always necessary to show two 
views of screws, shafts, etc. Figure 35 at I shows a screw that 
requires but one view. By giving the size of the hexagonal stock, 
un end view becomes unnecessary. Hexagonal stock is dimensioned 
across the flats. Had this screw a flat on it as shown at II in 
I'ig. 35, it would have been necessary to draw two views. 

Always draw the large end of a screw or stud at the left, as this 
is the way the screw will be when in the screw machine. 

Making the Detail Drawing.—The detail drawing is done on 
good-quality bond paper or upon detail drawing paper. If bond 


Jak 


Fe Hex. 


Ll. LE: 


Fig. 35.—I. One-view drawing. II. Drawing requiring two views. 


paper is used, the drawing itself is usually inked after the detail 
las been accepted for production. If drawing paper is used, it 
becomes necessary to trace the drawing with ink on tracing cloth 
or on tracing paper before blue prints can be made. 

Pencil cloth has come into prominence recently for such drawings 
is will not be subject to extremely hard usage. In this method 
(he penciled drawing is made directly on a special quality of cloth 
which retains the pencil work so well as to make subsequent inking 
tinnecessary. 

Most drawing rooms have adopted certain sizes of sheets as 
wlandard. For classroom use the following borderline sizes are 
wuggested since they may be used on divisions of the imperial 
nize sheet. 7 by 10 in.; 10 by 14 in.; 14 by 20 in.; 20 by 28 in. 

Having in mind the making of a detail drawing similar to the 
one illustrated in Fig. 33 the following procedure might be used: 


1, Determine the necessary number of views which would be required to 
desoribe the part accurately. 

2. Make a rough estimate of the amount of space required for the drawing, 
allowing ample room for dimensioning and for title box. A free-hand sketch is 


often helpful in determining the space requirements and a pleasing balance. 
4, Draw main center lines and space lines for each view (Fig, 36, I), 
4, Draw in the masses working concurrently in all the major views (Fig. 


W6, TL), 
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5. Draw in the small and minor details, fillets, screw threads, etc., continuing 
to carry on the work in all major views at the same time (Fig. 36, IIT). 

6. Place witness lines, dimension lines, etc. (Fig. 36, IV). 

7. Place the figures of the dimensions (Fig. 36, IV). 






“20-NC-2 


-ONE- CAST /RON - 


$2/Off CML 
IN-b+E-GO 


1: 











Fig. 56.-—Steps used in making a detail drawing. 











8. Give all notes, number of parts, material, title, ete. (Fig. 36, IV). 
9. Check thoroughly both the shape and size description. 

10. Place operations letters (Fig. 36, IV). 

11. Ink or trace the drawing. 


Tracing or Inking.—There are two good reasons either for 
making a tracing of, or for “inking in,’’ a detail drawing: (1) the 
drawing is better preserved, and (2) the inked lines will help te 
provide better and more easily read blue prints, 
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When tracing cloth is used it will be found that the dull side 
(nkes the ink better than the glossy side. Before starting the 
(racing, a little powdered chalk should be dusted on to the cloth 
and lightly wiped over the surface, care being used to remove any 
free particles which may be picked 
up by the nibs of the ruling pen. 

Only such portion of the trac- ---—-------—--7---7-7- 7 
ing as can be completed before 
vlosing time should be worked | 
upon, since variation in humidity |-__— 
will cause variation in the relative —— —— —— —— —— 
position of cloth and paper. 

The width or weight of inked 
lines must necessarily be dependent ———~ ~~ —— -- — 
upon the character and size of 
the drawing. Lines representing 
visible edges of the “part” must be : 
trong, full lines; those represent- = ——HH44HH4H4H4#4H 
lng invisible edges should be lighter ™* gsi i ashen epee es 
dash lines; while the center lines 
and dimension lines should be least in weight. The lines shown 
in lig. 87 are a copy of those recommended by the American 
Miundards Association and have been generally adopted by drawing 
rooms throughout this country. 

A desirable order of inking may be as follows: 





1, Ink all solid circles and arcs beginning with the smallest. 
Ink all irregular curves. 

4, Ink all dotted circles and ares beginning with the smallest. 
1, Ink all dotted irregular curves. 


§, Ink all full, straight, horizontal, vertical, and inclined lines in the order 
Hamed, 


(. Ink all dotted straight lines as named above. 

7. Ink all center lines. 

§. Ink extension and dimension lines. 

1), Ink arrowheads and letter dimensions. 
10, Letter all notes and title, and ink the borderlines. 


The notes, title, and other lettering of the drawing should not 
hw traced, but new penciled guide lines should be drawn and care- 
fully followed. 

The Title.—Every drawing, whether assembly or detail, must 
fontain certain information in addition to that given in dimension- 
jig. A standard size and form of box, or space for information, 
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is usually provided in the lower right corner (long border of box 
parallel with long border of drawing). This location of the 
information box is important for filing purposes. A typical 
example of such a form may be found in Fig. 33. 

The standard title for a designer’s layout should contain the 
information listed below. 


1. The design or experimental number against which all the time and work 
of designing are charged. 

2. The date of commencing and date of finishing the layout. 

3. The name of the inventor and the name of the designer. 

4. The names of at least two witnesses. 

5. The name and location of the manufacturer. 


The standard title for an erection layout may contain: 


. The name and symbol of the machine. 

. The machine model number or letter. 

_ The date of completion of the assembly. 

. The name of the draftsman. 

. The name of a checker or person with authority to approve the drawing. 


orwndre 


The information to be found in the title box of a detail drawing 
is listed below in about the order of its importance. 


1. The name of the part. 

2. The number of the part and letter symbol of the machine to which it 
belongs. 

3. The sheet (drawing) number [provided the number of the part (see 2) is 
not used as the sheet number]. This number should be placed in diagonally 
opposite corners for filing purposes. 

4, The name of the machine. 

5. The name and location of the manufacturer. 

6. The scale at which the drawing is made. 

7. The date of completion. 

8. The name of the draftsman. 

9. The name of the tracer and date of tracing. 

10. The name or initials of the checker and date of checking. 


The information given in the title box of Fig. 33 is sufficient 
for school purposes. 

Blue Prints and Photostats.—Because of their value and the 
danger of injurious handling, drawings and tracings are seldom 
used in the shop. Instead inexpensive blue prints are made. 
These are often mounted on thin fiber board and shellacked 
over to protect them from oil, grease, and general shop wear. 
The size and nature of assembly drawings are usually such that 
they cannot be easily blue-printed, A process of reproducing 
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Section Flane 











LIL 








LY 
Secrion on AA—BB 


Fig, 38,—Section plane and application. 
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them for the shop, called photostating, is now in general use. 
This is a photographic process by means of which a black line 
copy at the desired size may be obtained. Photostatic copies, 
of course, may be made from any sort of drawing, printed, or 
written matter. 

Sectioning.—When the views of a complicated part or assembly 
of parts are drawn ‘‘in full” the interior construction is often 
obscure and difficult to understand. Costly time must be con- 
sumed in reading the drawing and even then there is abundant 
chance of misinterpretation. Such difficulties are overcome by 
considering that portion of the part which prevents clear reading 







y ' 


Teo +d Ey 










> 
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Fig. 39.—Comparison of representation of detail beyond section plane. I. Dotted lines 
shown. II. Dotted lines omitted. 


as having been removed, thus revealing the interior. An imaginary 
plane called a ‘‘section plane” (Fig. 38) is passed through the 
part at one or more desired positions. That portion of the part 
lying between the section plane and the plane of projection (or 
observer) is taken away and those surfaces which were in contact 
with the section plane are distinguished from other surfaces by 
means of “‘crosshatching” or “‘section-lining.” The line which 
represents the section plane should be lettered at each end as AA, 
BB, and direction lines terminated by arrows should be used to 
indicate the direction of observation. In the drawing the portion 
removed is usually shown as taken away in one view only. 

Treatment behind Section Plane.—In the sectional view the 
invisible portion may be omitted entirely or may be completely 
drawn, the decision being based on the fundamental principle 
that the drawing must always provide a clear description of the 
desired part. In the section at I in Fig. 39 the invisible edges 
are completely represented by “dotted” lines, while at IT in the 
same figure these have been omitted, with the result that IT is 
more easily read. Wither of these sections, being generated by 
one cutting plane, may be called a “full” section, 
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In drawing a part such as shown in Fig. 40 a side view would be 
confusing and of no value unless drawn at many times its normal 
size. Consequently partial views and several ‘‘sliced”’ sections 
are taken at difficult points. When this is done it is not usually 


necessary to show any of the part beyond the section, but only the 
section outline. 
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Section F-F 


Section D-D 


SY 





OD 
Section A-A 
Fig. 40.—Application of sectioning including ‘‘sliced’’ sections. 

Half Section.—When one quarter of a symmetrical part is 
cut away the resulting section is called a half section (Fig. 41). 
‘This type of section has the advantage of describing both the 
exterior and interior of the part in one view. Dotted lines are 
often omitted in such a sectional view. 





Fia. 41.—Half section. 


Another simple method of providing similar advantages in 
drawing symmetrical parts is to show a full section and one-half 
of the other view (see Fig. 42). 

Crosshatching.—It has been stated that those surfaces which 
have contact with the section plane are seetion-lined or cross- 
hatched to distingvish them from other surfaces, 
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Fig. 42,—Full section and half view. 
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Ha, 48,<Symbols used in sectioning, 
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Any convenient angle may be used for the section lining, 
although a 45-deg. slant is usually preferred. It is, however, 
desirable to make the crosshatching in opposition to, or at least 
not parallel with, the borders of 
the sectioned area. The spacing 
between the lines is measured with 
the eye but should be uniform 
in order to present a good appear- 
ance. The amount of the space 
varies from 14, to 14 in., depend- 
ing upon the size and nature of 
the drawing. 

In order that the crosshatch- 
ing may give an idea as to the 
material from which the part is 


; Fig. 44.—Outline sectioning. 
made, conventional symbols are 
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Fra. 45.—Sectioned assembly showing parts not sectioned. 


often used. The symbols shown in Fig. 43 are generally standard 
und have the advantage of requiring but one weight of line. 
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The symbol for cast iron is sometimes used for all crosshatching 
regardless of material, and when the drawing is not an assembly 
this type of lining may be preferred. 

When a large area is sectioned, the crosshatching is applied 
for only a short distance from the 
border of the area (see Fig. 44). 

Sections in Assembly Drawing.— 
When sections are used in assembly 
drawings such parts as have a solid 
interior are not sectioned. Shafting, 
rods, keys, rivets, pins, bolts, nuts, 
gear teeth, set screws, balls and rollers 
in bearings, etc. fall into this class. 
Some of these parts are illustrated in 
Fig. 45. 

When two sectioned parts are 
adjacent, the crosshatching for one 
part should take a direction different 
from that used on the other (Fig. 45). 

For any one part in an assembly 

Fits SOc RR VOL TE Pete drawing the crosshatching lines should 
have the same direction regardless of the distance between the 
sectioned areas. 








Fra. 47. 


Revolved Sections.—The elimination of a second or third 
view is often made possible by the use of a revolved section. 
By this method a rib, web, or spoke is cut and the section drawn 
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directly on the view. Figure 46 illustrates the revolved section 
of a symmetrical rib. At I in Fig. 47 provision for drawing the 
revolved section of the tapered arm is made by breaking the 
view. 









Fig. 48.—Examples of alternate sectioning. 





(CELE 


Alternate Sectioning.—In sectional views such as those shown 
in Fig. 48, the web or rib is identified by double-spacing the 
section lines. No line of demarcation is drawn, since, in the first 
place, no edge exists, and secondly, because the double spacing is 
wufficient indication of the position of the rib. 
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Fic. 49.—Phantom section. 


Phantom Sections.—When it is desired to show the interior 
of a drawing by sectioning methods and yet not remove any 
portion of the part, a phantom section is used (see Fig. 49). The 
woction plane is assumed to pass through the part in the usual 
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manner, but dotted crosshatching is used on the surfaces of con- 
tact instead of full section lining. The use of a phantom section 
may eliminate an extra view. 

Broken-out Section.—To show interior construction by break- 
ing away only a small portion of the part or assembly is common 





: Conventional Projector 


Fic. 50.—True and conventional projection compared. 


practice. The term ‘‘broken-out section” is applied to such a 
treatment. Figure 45 includes a broken-out section. 
Conventional and True Projection.—It has been stated many 
times that the draftsman’s first concern should be to make his 
drawings so that they are easily understood by the shopman. 
If it becomes necessary to violate the theories of projection in 
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order to attain clarity this should be done, provided, of course, 
that the violation comes within the particular standards of the 
drafting room concerned. 





7rue Conventioria/ 


Fia. 51.—Comparison of true and conventional projection. 








Fig. 52.—Conventional projection and true projection. 


It should be definitely understood, however, that, in most 
oases, the shopman will be better able to understand true projec- 
tion than he will some conventional device contrived by the 
draftsman to make his own task easier. 

T'wo examples of true projection compared with conventional 
methods are shown in Figs. 50 and 51, In each of these cases the 
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true-projection views, though more difficult to draw, are recom- 
mended, chiefly because they show the arm or rib in the place 
on the part where the shopman will actually find it. 


JU0UL 4 
LILI 


Fig. 53.—Convention and true practice compared. 








At I and II in Fig. 52 a solid cylindrical part is pierced by a 
rectangular hole; I is an example of true projection, while II is 
drawn by conventional method. Drawings III and IV of the 
same figure illustrate similar practices applied to a hollow cylinder. 


! ' | _ + 
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Fia. 54.—Proper and improper filleting. 





Conventional practice may in some cases give a clearer descrip: 
tion of the part than would be the case if true projection were used, 
An excellent example of this is shown in Fig, 58 where, at I, a 
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true top-view projection would show no lines to indicate the 
junction of the slant surface with the horizontal surfaces, while 
at II this junction is indicated in a conventional way by showing 
lines, although no edges exist. When the slant surface approaches 








F1qa. 56.—Comparison of improper and proper method of showing web. 


i parallel with the contacting surfaces, as at III, it again becomes 
good practice to use true projection. 

Fillets.—On castings of machine frames, bases, etc., it is often 
necessary. to use a large number of bosses and other projections 
which require filleting where they are connected to the body of 
the part. Such connections should be made with as little variation 
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in the size of fillets as strength and good appearance will permit. 
Use, for instance, 14, %4, 44 in. radius fillets or fewer sizes if 
possible. 

Care should be taken to see that the fillet is not so large that 
it will be cut into when the top of the boss is machined. Extension 
of the boss for at least 14g in. beyond the curve of the fillet (Fig. 

54, I) will prevent an irregular shape 


such as is shown at IT in Fig. 54. 
Intersection | Conventions.—In 
oP oe - castings the filleted intersection of a 
boss, rib, or web with some other 
' portion of the casting is usually shown 
by conventional methods illustrated 


in Fig. 55. 

When the section of an arm is 
rectangular as at I in Fig. 47, the 
convention for joining the arm with 
the hub shows the lines to curve out- 
ward, but when the section has well- 
rounded corners as at the top of the 
arm in II the lines should be drawn 
to curve inward. Each of these con- 
ventions will be recognized as an ap- 
proximation of the true intersection. 

Drawing for Production.—Care 
should be taken to prevent the mak- 
ing of sharp, ragged edges on cast- 
ings, particularly if the edge isexposed 
to contact with the hand of an opera- 
tive. In Fig. 56, at I, the cut taken 
Fie. 57 daa corre ait necks to finish the top of the well will leave 

a ragged edge, as indicated. This 
condition could easily have been prevented by lessening the height 
of the web, as shown in II. 

Rough and careless handling of castings in the shop is often 
the cause of considerable expensive breakage. Some of this loss 
can be prevented by care in the method of connecting projecting 
parts with the main body of the casting. An example of a weak 
casting is shown at I in Fig. 57, while that at IJ is much stronger. 

The problems of production must always be kept in mind when 
drawing a part, and provision must be made for finishing. 
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The casting shown in Fig. 58 should be made with a boss 
(shown dotted) to accommodate a lathe center so that the shank 
A might be turned. The boss is removed after the shank is 
finished. 

The cost of producing machine parts is considerably lessened 
when it is possible to perform finishing operations upon several 














Fig. 62.—Method of representing bearing surface of a shaft. 


parts at one time. Figure 59 shows how three parts of the same 
dimensions may be produced as one until the separation cut is 
made. When production of this sort is to take place it is best to 
indicate it by using a drawing similar to that shown in Fig. 59, 

Omissions.—When the drawing of a part exceeds the limits 
of the drawing paper and yet it is desired to make the drawing at 
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full size, a portion may be omitted, as shown in Fig. 60, but the 
(rue dimensions must be given. If the part is tapered, as shown 
in the figure, the tapering lines must be given their true direction. 

When a gear is shown, the drawing of most of the teeth is 
omitted, since to draw them would add no information and would 
entail needless work. It is customary to use dash lines in place of 
(he omitted portions of the part. In Fig. 61 the dash lines repre- 
sent omitted threads. 

When it is desired to indicate the position of a shaft which lies 
within a bearing, crossing lines within a rectangle are used as 
rhown in Fig. 62. 


CHAPTER V 
DIMENSIONING 


To a thorough knowledge of projection as used in making the different 
views of a machine part, must be added an understanding of the ways of the 
shop where the part is produced. Intelligent dimensioning of a drawing is 
dependent upon this and upon a knowledge of the character of fits required 
for the class of work to be done by the machine. 


Shape and Size Description.—The detail drawing of a machine 
part must give the workman all the information he requires to 
make the part. The drawing expresses this information in two 
important ways: 

1. Shape Description —The several views in orthographic projection, such 
as front, top, side, auxiliary, etc., are used to describe the shape of the part. 

2. Size Description.—The figures and notations which indicate the distances 
between the various surfaces, the size of holes, threads, slots, and their location, 
constitute the size description or dimensioning. 


But dimensioning must also include all notes relating to 
method and accuracy of finish, material used and the degree of 
its hardness, and the number of like parts for each machine, 

Notation.—A system of lines and symbols to indicate size and 
location is in general use, and should be followed except where 
unusual conditions prevail. Figure 63 illustrates the generally 
accepted notation of dimensioning. 

Dimension lines should be full, light-weight lines so that they 
may be easily distinguished from the heavier lines of the drawing. 
They should be terminated by arrowheads whose points just 
touch extension or witness lines which are extended from the 
surfaces to be dimensioned. Care must be used to see that the 
extension lines do not touch these surfaces, as they might then be 
confused with the line representing the surface of the part. They 
should also pass slightly beyond the end of the dimension line, 

‘Arrowheads may vary in size, depending upon the size of th 
drawing and the amount of space available, but the same propo 
tions should be maintained in all sizes, A slender arrowhead 0 
one unit width and four units length is good proportion (see Vig. 


64), 
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The Dimension.—A space should be provided at a convenient 
place in the dimension line for the dimension itself. The dimen- 
sion may be stated in a fractional form or as a decimal. Where a 
fractional form is used the division line shou!d be in line with the 
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Fig. 63.—Notation. 





LJ - 


N. Dimension 


(dimension line, and figures of the fraction may be halved by the 
upper and lower guide lines of the whole number (see Fig. 64) 
Ordinarily each figure of a fraction is 
bout two-thirds the height of the whole eee | 
number. When decimal limits are used the ~+74" fe gad 
losser of the two is placed over the greater. ais 
| ( ‘enter Lines.—When a portion of a draw- 
ing is bisymmetric, the equivalent portions are usually drawn 
about a center line. The intersection of two center lines is 
ulways used when it is desired to indicate the center from which 
wn are or a circle is swung. Center lines are often used as the 
foundation upon which the drawing is built (see Fig. 63). 
Leaders.—-Where notes or dimensions are placed some distance 
from the. part described, it is necessary to point out the part by 
means of an inclined line terminated by an arrowhead and called a 
loader, The leader should be of the same weight as the dimension, 


Fig. 64.—A dimension. 
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line and should be straight. When several leaders are used, they 
should have the same inclination if possible (see Fig. 63). es 
Notes.—When the drawing of the part and the figures to indi- 
cate its size are not sufficient to completely describe it, a few words 
are neatly added to the detail in the form of notes (see Figs. 33 


and 63). These notes may tell: 


. The kind of material from which the part is to be made. 

. If heat-treated, the location and method of treatment. 

. Size and number of holes, surfaces, etc., of the same dimension. 

. Number and kind of rivets, bolts, screws, fittings, etc., to be used with 


the part. ; oS 
é. Other parts which must become integral with the original piece. 


7, Any necessary general information. 
Notes should read from the bottom of the drawing (hori- 
zontally) and should be done in lower-case letters. 


aorWwWnr 





e 


Ls | 
S 


Fic. 65.—Size and location dimensions. 





When the note applies to some particular portion of the detail 
it should be placed near the portion to which it refers. 

Finish Marks.—Finish marks are used to indicate that a surface 
is to be machine-finished. When making them it is important to 
observe that the cross line of the f should also exactly cross the 
line representing the surface to be finished. 

The f mark is omitted when finish is called for in a note such 
as that for a drilled hole or when general note calling for finish 


. The number of like parts required for any one machine. ) 
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all over” is used (Fig. 63). To avoid chance of error it is best to 
use the mark on all views of the drawing in which the surface to 
be finished appears as a line (Figs. 33 and 65). 

Kinds of Dimensions.— Almost any machine part may be said 
to contain two kinds of dimensions: 


1. Size dimensions. 
2. Location dimensions. 


Size dimensions are such as indicate the size of a hole, slot, or 
projection of the part, while location dimensions give the position 
of a hole, slot, etc., relative to other holes or surfaces of the part. 
igure 65 illustrates these two kinds of dimensions, the letters 
S and L (size and location) being substitutes for actual figures. 

Placing Dimensions.— Unless thought and study are given to 
the placing of dimensions, their meaning is likely to be obscure or 
even misinterpreted, with the result that many parts may have 
to be ‘‘junked”’ before the error is discovered. 

For clear reading the most common practice is to place dimen- 
sions so that they may be read from the bottom of the drawing 
und from the right-hand side, or as nearly in these positions as 
space limitations and surface conditions of the part will allow. In 
ull cases avoid placing dimensions upside down (see Fig. 33). 

In so far as it is consistent with clear reading it is desirable to 
keep dimensions off the views of the drawing. There are many 
\imes, however, when it is clearer to place the dimensions on the 
views (see Fig. 33). 

The longer dimensions are placed outside the shorter dimen- 
sions, thus avoiding the necessity of crossing extension and dimen- 
nion lines. A space of 14 in. or more should be allowed between 
dimension lines, the amount depending somewhat on the size of 
the drawing. Uniformity of spacing should exist throughout. 

Staggered Figures.—In order that the figure of one dimension 
nay not be confused with that of another, a method of placing 
culled staggering is used. This simply provides that succeeding 
dimensions shall not be directly under each other as at IT, Fig. 66, 
but rather as at I in the same figure. 

Continuous and Staggered Dimension Lines.—Two ways of 
placing dimension lines are shown in Fig. 67: I shows continuous 
dimension lines and IT shows staggered dimension lines. A saving 
of apace is effected by the use of continuous dimension lines. 
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Points of Reference.—When dimensioning machined parts, 
care should be taken to place the dimensions in such a way that 
the machinist or inspector can readily check the finished part. 


Good prac tice Peor practice 
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Fig. 66.—‘Staggering’’ figures avoids Fia. 67.—Continuous and “stag- 
confusion. gered” dimensions. 


Figure 68 shows two methods of dimensioning a keyway in both 
the hub and its mating shaft. It would be difficult to measure 
dimension h in II, and while dimension d in the same figure is 
much easier to check in the finished part, the methods shown at I 
<p are preferable because the bot- 

* tom of the hole or of the shaft 

W- i | L- = provides a more tangible point 


of reference than do the corners 

Yi of keyways. 
GD Tolerances and Allowances 
for Metal Fits.—The smooth 
D operation and wearing qualities 
f. of the moving members of a 
machine are largely dependent 


upon the proper fitting together 






S 





e i w—~| Ly of these parts. Therefore it is 
(7 — AAP not practical to dimension one 
ch “yy part without knowing just how 
\N4/ LO accurately it should fit other 
parts with which it is to be 

D assembled. A draftsman must 

ql. understand what allowances are 


Fra. 68.—Points of reference. normally made in different 
standardized classes of fits. The American Standards Association 
has defined the various terms used for metal fits as follows: 

Standard Sizes.—A series of recognized or accepted sizes corresponding to 


various subdivisions of a recognized unit of length, such as the yard or meter, 
These are usually expressed in inches or millimeters, For instance, the common 


x 
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fractions of an inch are commonly called standard sizes, such as }¢ in., 376 in., 
\4 in., 5/6 in., ete. 

Nominal Size.—A designation given to the subdivision of a unit of length 
having no specified limits of accuracy but indicating a close approximation to a 
standard size. 

Basic Size.—The exact theoretical size from which all limiting variations 
are made. 

Allowance.—An intentional difference in the dimensions of mating parts, 
or, the minimum clearance space which is intended between mating parts. It 
represents the condition of the tightest permissible fit, or the largest internal 
member mated with the smallest external member. It is to provide for differ- 
ent classes of fits. 

Tolerance.—The amount of variation permitted in the size of a part. 

Limits.—The extreme permissible dimensions of a part. 


The system of metal fits treated of in this chapter is known as 
the ‘‘basie hole” system. This means that all holes are so made 


that the minimum diameter will not be less than the basic size. 
lor example, a 1-in. hole may be aoe It will be noted that 
the minimum diameter is exactly 1 in. (basic size), and that the 
jolerance is plus 0.0008 in., making the maximum diameter 
1.0008 in. 

If, now, we make the maximum diameter of our shaft 0.9991 
in., the least amount of looseness we can possibly have between the 
hole and the shaft will be 1.0000 in. minus 0.9991 in., or 0.0009 in. 
This minimum amount of looseness was deliberately planned for 
and is called the allowance. 

It is just as difficult to make a shaft to an exact dimension as 
it is to make a hole to the exact basic size, so we must provide a 
working tolerance for the shaft also. 

Suppose, then, we make the maximum diameter of the shaft 
().9991 in. and the minimum diameter 0.9983 in. It can be seen 
that with this combination of limiting dimensions the maximum 
hole would be 1.0008 in. and the minimum shaft 0.9983 in. The 
difference is 0.0025 in., which represents the loosest possible fit. 

It is obvious that any standard must carry different classes of 
fits. Fits which would be suitable for road-making machinery 
would be entirely too loose on high-speed spindles for precision 
urinding. The American Standards Association has given eight 
(lasses of fits which are described below: 


Loose Fit (Class 1).—Large allowance, This fit provides for considerable 
freodom and embraces certain fits whore accuracy is not cusential, 
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Ezamples.—Machined fits of agricultural and mining machinery; controlling 
apparatus for marine work; textile, rubber, candy, and bread machinery; general 
machinery of a similar grade; some ordnance material. 

Free Fit (Class 2).—Liberal allowance. For running fits with speeds of 
600 r.p.m. or over, and journal pressures of 600 lb. per square inch or over. 

Examples—Dynamos, engines, many machine-tool parts, and some auto- 
motive parts. 

Medium Fit (Class 3)—Medium allowance. For running fits under 600 
r.p.m. and with journal pressures less than 600 Ib. per square inch; also for sliding 
fits; and the more accurate machine-tool and automotive parts. 

Snug Fit (Class 4).—Zero allowance. This is the closest fit which can be 
assembled by hand and necessitates work of considerable precision. It should 
be used where no perceptible shake is permissible and where moving parts are 
not intended to move freely under a load. 

Wringing Fit (Class 5).—Zero to negative allowance. This is also known as 
a “tunking fit,” and it is practically metal-to-metal. Assembly is usually 
selective and not interchangeable. 

Tight Fit (Class 6)—Slight negative allowance. Light pressure is required 
to assemble these fits and the parts are more or less permanently assembled, 
such as the fixed ends of studs for gears, pulleys, rocker arms, etc. These fits 
are used for drive fits in thin sections, or extremely long fits in other sections, 
and also for shrink fits on very light sections. Used in automotive, ordnance, 
and general machine manufacturing. 

Medium Force Fit (Class 7)—Negative allowance. Considerable pressure 
is required to assemble these fits and the parts are considered permanently 
assembled. These fits are used in fastening locomotive wheels, car wheels, 
armatures of dynamos and motors, and crank disks to their axles or shafts. They 
are also used for shrink fits on medium sections or long fits. These fits are the 
tightest which are recommended for cast-iron holes or external members, as 
they stress cast iron to its elastic limit. 

Heavy Force and Shrink Fit (Class 8).—Considerable negative allowance. 
These fits are used for steel holes where the metal can be highly stressed without 
exceeding its elastic limit. These fits cause excessive stress for cast-iron holes. 
Shrink fits are used where heavy force fits are impractical, as on locomotive 
wheel tires, heavy crank disks of large engines, etc. 


Tables 3 to 10 give the limits for the hole and shaft for various 
diameters in the different classes of fits. 


Example.—A shaft turning 400 r.p.m. with a journal pressure of 200 Ib. 
per square inch (medium fit, Class 3) is to be properly fitted to a hole. Assume 
that the designer has determined that the shaft size should be 144’. Referring 
to Table 5 of Class-3 fits, page 67, we find that the size of the hole must have 
a plus tolerance of 0.0009” and a minus tolerance of 0.0000”, Our dimensions 
.5000/" 
6000" 

Again referring to Table 5, the maximum diameter of the shaft will be 0,0012" 
under the basic size, or 1.5000 minus 0.0012” or 1.4988", and the minimum 


for the hole will therefore be These are the limits for the hole. 








DIMENSIONING 65 


Taste 3.—Loose Fir (Cuass 1)—Larce ALLOWANCE, INTERCHANGEABLE 
This fit provides for considerable freedom and embraces certain fits where accuracy 
is not essential. All dimensions in inches. 


ne 


Tightest| Loosest 






































Size Limits fit fit 
Hole or Shaft or Allow- 
‘ Allow- |ance plus 
Up to external internal 
: ance toler- 
From | and in- | Mean member member ptinee 
cluding 
+ = = eer +* 

0 He 1g 0.001 0.000 0.001 0.002 0.001 0.003 
346 Ke yy 0.002 0.000 0.001 0.003 0.001 0.005 
46 Ye 3¢ 0.002 0.000 0.001 0.003 0.001 0.005 
“U6 Ke % 0.002 0.000 0.002 0.004 0.002 0.006 
Xe 1, 56 0.002 0.000 0.002 0.004 0.002 0.006 

6 13/6 34 0.002 0.000 0.002 0.004 0.002 0.006 
1346 136 1g 0.002 0.000 0.002 0.004 0.002 0.006 
36, 1 \e 1 0.003 0.000 0.003 0.006 0.003 0.009 

1 Ye 1 6 11 0.003 0.c00 0.003 0.006 0.003 0.009 

1 3%{6 1 3 1% 0.003 0.000 0.003 0.006 0.003 0.009 

1 3¢ 1% 1% 0.003 0.000 0.003 0.006 0.003 0.009 

1 5¢ 1% 134 0.003 0.000 0.004 0.007 0.004 0.010 

1 % 2 2 0.003 0.000 0.004 0.007 0.004 0.010 

2 4 2 % 214 0.003 0.000 0.004 0.007 0.004 0.010 

2 3% 2% 2% 0.003 0.000 0.005 0.008 0.005 0.011 

2 34 34 3 0.004 0.000 0.005 0.009 0.005 0.013 

344 3 34 34 0.004 0.000 0.006 0.010 0.006 0.014 

3 34 44% 4 0.004 0.000 0.006 0.010 0.006 0.014 
" (4) denotes clearance or amount of looseness. 
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Tapie 4.—Free Frr (Cuass 2)—Liperat ALLOWANCE, INTERCHANGEABLE 
For running fits with speeds of 600 r.p.m. or over, and journal pressures of 600 lb. 
All dimensions in inches. 


per square inch or over. 





























; ae Tightest | Loosest 
Size Limits fit fit 
Allow- 
Hole or external | Shaft or internal | Allow- |ance plus 
Up to member member ance toler- 
From | and in- | Mean aWien 
cluding 
+ — pas | +* | +* 

0 3/6 K 0.0007 | 0.0000 | 0.0004 | 0.0011 | 0.0004 | 0.0018 
346 546 1% | 0.0008 | 0.0000 | 0.0006 | 0.0014 | 0.0006 0.0022 
546 Yo 3g 0.0009 | 0.0000 | 0.0007 | 0.0016 | 0.0007 | 0.0025 
146 Xe iy 0.0010 | 0.0000 | 0.0009 | 0.0019 | 0.0009 | 0.0029 
Xe 146 5g 0.0011 | 0.0000 | 0.0010 | 0.0021 | 0.0010 | 0.0032 

1, 13/6 34 | 0.0012 | 0.0000 | 0.0012 | 0.0024 | 0.0012 0.0036 
13/6 15/6 1g 0.0012 | 0.0000 | 0.0013 | 0.0025 | 0.0013 | 0.0037 
154, | 1 Meo 1 0.0013 | 0.0000 | 0.0014 | 0.0027 | 0.0014 | 0.0040 

16 | 1 Me 11g 0.0014 | 0.0000 | 0.0015 | 0.0029 | 0.0015 | 0.0043 

1 %_ | 1 3% 114 | 0.0014 | 0.0000 | 0.0016 | 0.6030 | 0.0016 0.0044 

1 3g 1 5 1144 | 0.0015 | 0.0000 | 0.0018 | 0.0033 | 0.6018 0.0048 

1 1% 134 0.0016 | 0.0000 | 0.0020 | 0.0036 | 0.0020 | 0.0052 

1% 2k 2 0.0016 | 0.0000 | 0.0022 | 0.0038 | 6.9022 | 0.0054 

2k 2 3% 214 | 0.0017 | 0.0000 | 0.9024 | 0.0041 | 0.0024 | 0 .0058 

2 34 2 34 214 0.0018 | 6.0000 | 0.0026 | 0.0044 | 0.0026 | 0.0062 

2 34 3% 3 0.0019 | 0.0000 | 0.0029 | 0.0048 | 0.0029 | 0.0067 

3% 3 34 314 | 0.0020 | 0.0000 | 0.0082 | 0.0052 | 0.0032 0.0072 

3 34 4% 4 0.0021 | 0.0000 | 0.0035 | 0.0056 | 0.0035 | 0.0077 














Sa 


* (+) denotes clearance or amount of looseness. 
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Taste 5.—Mepium Frr (Cuass 3)—Mrpium ALLOWANCE, INTERCHANGEABLE 
For running fits under 600 r.p.m. and with journal pressures less than 600 lb. per 
square inch; also for sliding fits, and the more accurate machine-tool and automotive 
parts. All dimensions in inches. 






































Size Lites eee | —. 

Allow- 
Hole or external | Shaft or internal | Allow- |ance plus 

Up to 
: : member member ance toler- 
rom | and in- | Mean canoes 
cluding 

a = = 4-* | +* 

0 316 K 0.0004 | 0.0000 | 0.0002 | 0.0006 | 0.0002 | 0.0010 
346 46 Y% 0.0005 | 0.0000 | 0.0004 | 0.0009 | 0.0004 | 0.0014 
546 v6 3¢ | 0.0006 | 0.0000 | 0.0005 | 0.0011 | 0.0005 0.0017 
Ko %e 14 | 0.0006 | 0.0000 | 0.0006 | 0.0012 | 0.0006 0.0018 
%6 16 5¢ | 0.0007 | 0.0000 | 0.0007 | 0.0014 | 0.0007 0.0021 
6 1346 3% | 0.0007 | 0.0000 | 0.0007 | 0.0014 | 0.0007 0.0021 
1346 1546 74 | 0.0008 | 0.0000 | 0.0008 | 0.0016 | 0.0008 0.0024 
1516 1 Ye 1 0.0008 | 0.0000 | 0.0009 | 0.0017 | 0.0009 | 0.0025 
b 46 | 1 %e 11% | 0.0008 | 0.0000 | 0.0010 | 0.0018 | 0.0010 0.0026 
1 446 | 1 38 144% | 0.0009 | 0.0000 | 0.0010 | 0.0019 | 0.0010 0.0028 
1 3 1 5 144 | 0.0009 | 0.0000 | 0.0012 | 0.0021 | 0.0012 0.0030 
1 5¢ 1% 134 | 0.0010 | 0.0000 | 0.0013 | 0.0023 | 0.0013 0.0033 
1 7 2k 2 0.0010 | 0.0000 | 0.0014 | 0.0024 | 0.0014 | 0.0034 
2% 2 3 2% 0.0010 | 0.0000 | 0.0015 | 0.0025 | 0.0015 | 0.0035 
2 4¢ 2 34 214 | 0.0011 | 0.0000 | 0.0017 | 0.0028 | 0.0017 0.0039 
2 54 34% 3 0.0012 | 0.0000 | 0.0019 | 0.0031 | 0.0019 | 0.0048 
314 3 34 34% 0.0012 | 6.0000 | 0.0021 | 0.0033 | 0.0021 | 0.0045 
8 34 4% 4 0.0012 | 0 0000 | 0.0023 | 0.0036 | 0.0023 | 0.0049 
aaa = po 








* ( |-) denctes clearance or amcunt cf iooseness. 
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Tape 6.—SNuG Fir (Cuass 4)—ZEro ALLOWANCE, INTERCHANGEABLE 
This is the closest fit which can be assembled by hand and necessitates work of con- 
Jt should be used where no perceptible shake is permissible and 


siderable precision. 
where moving parts are not inten 


ded to move freely under load. All dimensions in 


























inches. 
whee Tightest | Loosest 
Size Limits — t . fit 
Allow- 
Hole or external | Shaft or internal | Allow- |ance plus 
Up 9 member member ance toler- 
From | and in- | Mean ‘anol 
cluding 
+ = +* 

0 346 % 0.0003 | 0.0000 | 0.0000 | 0.0002 | 0.0000 0.0005 
346 He 4 0.0004 | 0.0000 | 0.0000 | 0.0003 0.0000 | 0.0007 
546 “6 36 0.0004 | 0.0000 | 0.0000 | 0.0003 0.0000 | 0.0007 
Yo Keo ¥% | 0.0005 | 0.0000 | 0.0000 | 0.0003 0.0000 | 0.0008 
%6 16 5g | 0.0005 | 0.0000 | 0.0000 | 0. 0003 | 0.0000 | 0.0008 

16 1346 3% | 0.0005 | 0.0000 | 0.0000 | 0.0004 0.0000 | 0.0009 
1346 1546 14 | 0.0006 | 0.0000 | 0.0000 0.0004 | 0.0000 | 0.0010 
1546 1 Ke 1 0.0006 ; 0.0000 | 0.0000 | 0.0004 6.0000 | 0.0010 

1 Yeo 346 1K 0.0006 | 0.0000 | 0.0000 | 0.0004 | 0.0000 0.0010 

1 ¥%6 1 34 114 0.0006 | 0.0000 | 0.0000 | 0.0004 | 0.0000 0.0010 

1 % 1 5% 114 | 0.0007 | 0.0000 | 0.0000 | 0.0005 0.0000 | 0.0012 

1 & 1% 134 0.0007 | 0.0000 | 0.0000 | 0.0005 | 0.0000 0.0012 

1% 2% 2 0.0008 | 0.0000 | 0.0000 | 0.0005 | 0.0000 | 0.0013 

2% 2 3% 214 | 0.0008 | 0.0000 | 0.0000 | 0.0005 0.0000 | 0.0013 

2 3% 2 34 214 | 0.0008 | 0.0000 | 0.0000 | 0.0005 0.0000 | 0.0013 

2 34 3% 3 0.0009 | 0.0000 | 0.0000 | 0.0006 | 0.0000 | 0.0015 

3% 3 34 314 | 0.0009 | 0.0000 | 0.0000 | 0.0006 0.0000 | 0.0015 

3 34 4% 4 0.0010 | 0.0000 | 0.0000 | 0.0006 0.0000 | 0.0016 


a 








* (+) denotes clearance or amount of looseness. 
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TaBLE 7.—Werrneaine Frr (Ciass 5)—Zero To NucativE ALLOWANCE, SELECTIVE 
ASSEMBLY 
This is also known as a “‘tunking fit” and it is practically metal-to-metal. Assem- 
lly is usually selective and not interchangeable. All dimensions in inches. 
. 28 Tightest | Loosest | Selected 
Size Limits fit fit fit 

Hole or Shaft or blows ae rota 

3 Allow- |ance plus} inter- 

Up to external internal ‘ 

: ; ance toler- | ference 

rom |} and in- | Mean member member ances | of metal 
cluding 
+ + i +* 

0 346 1g |0.0003/0.0000|0.0002/0.0000) 0.0002 | 0.0003 | 0.0000 
346 He 14 |0.0004|0.0000|0.0003/0.0000) 0.0003 | 0.0004 | 0.0000 
546 46 3 |0.0004/0.0000|0.0003/0.0000} 0.0003 | 0.0004 | 0.0000 
46 %6 14 |0.0005/0.0000|0.0003/0.0000| 0.0003 | 0.0005 | 0.0000 
%6 16 5g |0.0005|0. 0000/0 .0003|0.0000} 0.0003 | 0.0005 | 0.0000 

146 1346 34 |0.0005/0.0000|0.0004/0.0000} 0.0004 | 0.0005 | 0.0000 
1346 1546 74 |0.0006|0.0000}0 .0004/0.0000} 0.0004 | 0.0006 | 0.0000 
1546 | 1 Ke 1 0.0006/0. 0000/9 .0004/0.0000) 0.0004 | 0.0006 | 0.0000 

| 46 | 1 %e 114 |0.0006/0.0000/0.0004/0.0000) 0.0004 | 0.0006 | 0.0000 

1 346 | 1 3% 114 |0.0006/0.0000|0.0004/0.0000) 0.0004 | 0.0006 | 0.0000 

| 3¢ 1 *% 114 |0.0007/0.0000|0.0005/0.0000} 0.0005 | 0.0007 | 0.0000 

1 5¢ 1% 13% |0.0007|0.0000/0.0005|0.0000) 0.0005 | 0.0007 | 0.0000 

1 7% 2k 2 0.0008/0.. 0000/0 .0005/0.0000} 0.0005 | 0.0008 | 0.0000 

2 2 3g 214 |0.0008/0.0000|0 .0005/0.0000) 0.0005 | 0.0008 | 0.0000 

2 3¢ 2 34 214 |0.0008/0.0000/0.0005|0.0000) 0.0005 | 0.0008 | 0.0000 

Q 34 3% 3 0 .0009/0 .0000/0 .0006/0.0000) 0.0006 | 0.0009 | 0.0000 

3% 3 34 314 |0.0009/0.0000|0 .0006)0.0000) 0.0006 | 0.0009 | 0.0000 

% 34 414 4 0.00100 ..0000/0 .0006/0.0000} 0.0006 | 0.0010 | 0.0000 
| (—) denotes interference of metal or negative allowance. 


* (4-) denotes clearance or amount of looseness. 
In the last three columns of these tables + means amount of space while — means amount ot 


vver-lap or interference between mating parts. 
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Tapie 8.—Ticut Fir (Cass 6)—Suicur Necative ALLOWANCE, SELECTIVE 
ASSEMBLY 
Light pressure is required to assemble these fits and the parts are more or less 
permanently assembled, such as the fixed ends of studs for gears, pulleys, rocker arms, 
etc. These fits are used for drive fits in thin sections or extremely long fits in other 
sections, and also for shrink fits on very light sections. Used in automotive, ord- 
nance, and general machine manufacturing. All dimensions in inches. 




















‘ Limit Tightest | Loosest | Selected 
Size imits fit fit fit 
Allow- | Average 
Hear hat . Allow- |jance plus| inter- 
Up to external internal eee édice. |} Foroncs 
From | and in- | Mean member member ante: Vatanetal 
cluding 
+ + [+] -t fo o* | -t 
0 346 1g |0.0003/0.0000|0 .0003/0 .0000) 0.0003 |+0.0003) 0.0000 
36 Ke 1%  |0.0004|0.0000|0.0005/0.0001| 0.0005 |+0.0003] 0.0001 
46 Ks 3g |0.0004/0.0000|0.0005/0 .0001) 0.0005 |+0.0003| 0.0001 
Yo Xe 14 |0.0005/0.0000|0.0006/0 .0001) 0.0006 |+0.0004| 0.000! 
%eo 16 5g 10.0005|0.0000|0 .0007|0 .0002| 0.0007 |+0.0003 0.0002 
Ig 13/6 34 10.0005|0.0000|0 .0007|0 0002} 0.0007 |+0.0003; 0.0002 
1346 1y/¢6 7g |0.0006)0 .0000\0 .0008)0 .0002 0.0008 |+0.0004| 0.0002 
14%,]|1 %e 1 0.0006|0.0000/0 0009/0 .0003} 0.0009 |+0.0003) 0.0003 
1%. | 1 %6 11g |0.0006/0.0000)0 .0009/0 .0003| 0.0009 +0.0003| 0.0003 
1 3%6 34 114 |0.0006/0 0000/0 .0009/0 .0003| 0.0009 |+0.0003) 0.0003 
1 3 1 5¢ 114 |0.0007|0.0000)0.0011/0.0004; 0.0011 +0.0003} 0.0004 
1 54 1% 13% |0.0007/0.0000/0 .0011}0.0004] 0.0011 |+0.0003| 0.0004 
1% 2k 2 0.0008/0.0000/0.0013/0.0005} 0.0013 |+0.0003| 0.0005 
2k 2 3% 214 |0.0008/0.0000/0.0014/0.0006| 0.0014 |+0.0002) 0.0006 
2 34 2 34 21% |0.0008/0.0000/0.0014/0.0006| 0.0014 +0.0002} 0.0006 
2% 34% 3 0.0009/0.0000/0.0017/0.0008] 0.0017 |+0.0001] 0.0008 
314 3 34 314 |0.0009/0.0000/0.0018|/0.0009) 0.0018 9.0000} 0.0009 
3 34 4% 4 0.0010/0.0000/0 .0020,0.0010} 0.0020 0.0000} 0.0010 























+ (—) denotes interference of metal or negative allowance. 
* (+) denotes clearance cr amount of looseness. 
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Taste 9.—Mepium Force Fir (Cuass 7)—NeEcativE ALLOWANCE, SELECTIVE 
ASSEMBLY 

Considerable pressure is required to assemble these fits and the parts are considered 
permanently assembled. These fits are used in fastening locomotive wheels, car 
wheels, armatures of dynamos and motors, and crank disks to their axles or shafts. 
They are also used for shrink fits on medium sections or long fits. These fits are the 
tightest which are recommended for cast-iron holes or external members as they stress 
cast iron to its elastic limit. All dimensions in inches. 




















Size Teme Tego eee aes 
Hole or Shaft or Allow- ay rae’ 
: Allow- jance plus] inter- 
Up to external internal ance toler- | ference 
Irom | and in- | Mean member member aticess. llofaetal 
cluding 
+ + + —t ST =< 
0 346 1g |0.0003/0. 0000/0 .0004/0.0001| 0.0004 |+0.0002) 0.0001 
316 546 14 |0.0004/0.0000/0 .0005/0.0001| 0.0005 |+0.0003) 0.0001 
“46 “6 3g |0.0004/0.0000/0 .0006/0.0002) 0.0006 |+0.0002| 0.0002 
“6 %e 14 |0.0005/0.0000/0 .0008)0.0003) 0.0008 |+0.0002| 0.0003 
"6 16 5g |0.0005/0 .0000/0 .0008)/0 .0003) 0.0008 |-+0.0002| 0.0003 
Nie 13/6 34 |0.0005/0. 0000/0 .0009/0.0004) 0.0009 |+0.0001) 0.0004 
1416 1546 7g |0.0006|0.0000\0 .0010/0.0004) 0.0010 |+-0.0002} 0.0004 
4g | 1 Yeo 1 0.0006/0 .0000/0 .0011/0.0005} 0.0011 |+0.0001| 0.0005 
| “6 | 1 %e 11g |0.0006/0.0000/0 .0012/0.0006} 0.0012 | 0.0000; 0.0006 
1 3846 | 1 3g 114 |0.0006/0.0000)0.0012/0.0006} 0.0012 | 0.0000; 0.0006 
1 3g 1 5¢ 114 |0.0007|0.0000/0.0015/0.0008) 0.0015 |—0.0001) 0.0008 
1 4¢ 1% 134 |0.0007/0.0000/0.0016/0.0009) 0.0016 |—0.0002) 0.0009 
| 1 2% 2 0.0008/0 .0000/0 .0018/0.0010}; 0.0018 |—0.0002) 0.0010 
2% 2 3% 214 |0.0008/0.0000/0.0019/0.0011) 0.0019 |—0.0003) 0.0011 
¥ 4¢ 2 34 214 |0.0008)/0. 0000/0 .0021|0.0013) 0.0021 |—0.0005| 0.0013 
2 34 384 3 0..0009/0 .0000\0 .0024/0.0015) 0.0024 |—0.0006} 0.0015 
b 14 3 34 314 |0.0009|0.0000|0 .0027|0.0018) 0.0027 |—0.0009| 0.0018 
% 44 414 4 0.0010/0 .0000/0 .0030/0.0020) 0.0030 |—0.0010) 0.0020 
A 14 4 34 414 |0.0010/0 0000/0 .0033)/0.0023) 0.0033 |—0.0013) 0.0023 
1 44 5% 5 0.0010/0 .0000/0 .0035/0 .0025} 0.0035 |—0.0015) 0.0025 
hh ly 6% 6 0.0011/0.0000)0 .0041/0.0030} 0.0041 |—0.0019} 0.0030 
ly 7% 7 0.0011/0. 0000/0 .0046|/0.0035| 0.0046 |—0.0024| 0.0035 
ily 8% 8 0.0012/0 0000/0 .0052|0 0040} 0.0052 |—0.0028/ 0.0040 


























{ (—) denotes interference of metal or negative allowance. 
* (+) denotes clearance or amount of looseness. 











72 MACHINE DRAWING 


Taste 10.—Heavy Force anp Surink Fir (Cass 8)—ConsIDERABLE NEGATIVE 
ALLOWANCE, SELECTIVE ASSEMBLY 
These fits are used for steel holes where the metal can be stressed to its elastic limit. 
These fits cause excessive stress for cast-iron holes. Shrink fits are used where heavy 
force fits are impractical, as on locomotive wheel tires, heavy crank disks of large 
engines, etc. All dimensions in inches. 







































Limits Tightest | Loosest | Selected 
fit fit fit 
Bo 
Hole or Shaft or All Allow- | Average 
; ow- |ance plus| inter- 
Up external anhennat ance toler- | ference 
From | and i Mean member member ances | of metal 
cluding 
+ ge pe eB) ae I a ae 
0 3/6 1g |0.0003 0.0000/0.0004/0 .0001} 0.0004 |+0.0002 0.0001 
Ko 46 4 0.0004/0.0000|0 .0007|0 .0003} 0.0007 +0.0001| 0.0003 
Ho 46 34 0.0004/0 .0000/0 .0008|0 .0004| 0.0008 0.0000} 0.0004 
Yo Xe 4% 0.0005|0.0000/0 .0010|0.0005; 0.0010 0.0000} 0.0005 
Xe 1, 54 0.0005|0.0000/0 .0011|0.0006} 0.0011 —0.0001) 0.0006 
16 13/6 34 0.0005|0.0000|0 .0013|0.0008} 0.0013 —0.0003} 0.0008 
1346 1546 % 0.0006/0.0000|0 .0015|0.0009} 0.0015 —0.0003) 0.0009 
154, | 1 Me 1 0.0006/0.0000|0 .0016/0.0010; 0.0016 —0.0004| 0.0010 
1 %e6|1 %e6 1 0.0006|0.0000/0.0017|/0.0011| 0.0017 —0.0005| 0.0011 
1 %_ | 1 3% 114 |0.0006/0.0000 0.0019/0.0013} 0.0019 |—0.0007| 0.0013 
1 3% 1 % 1144 |0.0007/0.0000/0 .0022 0.0015] 0.0022 |—0.0008} 0.0015 
1 % 1% 134 |0.0007 0.0000/0.0025/0.0018} 0.0025 |—0.0011 0.0018 
1% 2% 2 0.0008\0 .0000/0..0028/0.0020| 0.0028 —0.0012| 0.0020 
2% 2 3% 214 |0.0008|0.0000)0.0031 0.0023) 0.0031 |—0.0015} 0.00238 
2 3% 2 34 21% |0.0008/0.0000 0.0033/0.0025} 0.0033 |—0.0017| 0.0025 
2 34 3% 3 0.0009/0 .0000|0 0039/0 .0030) 0.0039 —0.0021} 0.0030 
3% 3 34 34 0.00090 .0000]0 .004.4|0.0035| 0.0044 —0.0026} 0.0035 
3% 44% 4 0.0010|0 .0000|0 .0050/0 ..0040) 0.0050 —0.0030} 0.0040 
44% 4 34 414 |0.0010|0.0000 0.0055/0.0045| 0.0055 |—0.0035| 0.0045 
4 34 5% 5 0 .0010/0 .0000/0 .0060/0 .0050; 0.0060 —0.0040} 0.0050 
5% 6% 6 0.0011|0.0000|0 .0071|0.0060) 0.0071 —0.0049} 0.0060 
6% 7% t 0.00110 .0000/0 .0081/0.0070} 0.0081 —0.0059} 0.0070 
7% 8% 8 0.0012/0..0000|0 .0092|0 .0080; 0.0092 —0.0068} 0.0080 
a ae 
+ (—) denotes interference of metal or negative allowance 
* (+) denotes clearance or amount of looseness, 
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diameter of the shaft will be 0.0021” under the basic size, or 1.5000’’ minus 
at 

(0021, or 1.4979’. Therefore the limits for the shaft are an e 


tightest fit of the shaft in the hole will be 1.5000” minus 1.4988’ or 0.0012” 


clearance, and the loosest fit of the shaft in the hole will be 1.5009’’ minus 1.4979”, 
or 0.0030” clearance. 


It is best when placing limits on the drawing of a part to give 
them as shown in Fig. 69, II. If the limits were to be given as 
shown in Fig. 69, I, it would become nec- 


essary for the machinist to add and sub- SJ NS 
tract in order to arrive at the correct 

limiting figures. To compel him to do so 

opens a possible opportunity for error and 

it furthermore burdens him with a task | J 


which rightfully belongs to the draftsman. |, 50%" Lasers 
Successive and Overall Limits.— When a 

machining a shouldered shaft or similar Fie. 69.—Limit detsenuileiias 

part it is often necessary to hold the di- 1 Poor practice. I. Good 

mensions between shoulders to limiting ee 

figures. When an overall dimension is given, it is important that 


it be derived from the limits representing the distances between 
shoulders. 


As an example, in Fig. 70, I, the maximum overall length must be the sum 
of all the maximum limits and the minimum overall length must be the sum of 
all the minimum limits. The maximum limit would be 0.251” + 0.751” + 0.501” 
or 1.503”, and the minimum limit would be 0.250’ + 0.750” + 0.500’ or 1.500”. 

It. is impossible to hold the overall length to an 0.001” tolerance as shown in 
li. 70, II, because we have already admitted a tolerance of 0.001” in each of 


the other three dimensions, making a total tolerance of 0.003’’ in the overall 
longth. 


When it is desired to hold the overall length to a tolerance 
(hat would be independent of the other lengthwise figures, it can 
lo done by dimensioning as shown in Fig. 70, III. 

In the figures shown, the overall length is necessary to give the 
imachinist a dimension by which to cut the stock. He would cut 
the stock somewhat longer and finish to size afterward. If the 
purt is to be made on a screw machine, the overall dimension 
serves a useful purpose by designating the position to set the feed 
wbop, 

Dimensioning Machine Finishes.—In Fig. 71 is illustrated the 
method of dimensioning the various finishes indicated and described 
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Tia. 70.—Successive and overall limits. I and III. Good practice. II. Poor practice. 


# Dri /- 
léC bore to surface. 





Vv Vv 
M, dimension for machinist; ?, dimension for 


Pra, ZleDimensions for mae 
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below. The letter P is used where the dimension is primarily for 
the pattern maker, and the letter M indicates those dimensions 
which are necessary for the machinist. It is not necessary to 
dimension all filleted or rounded corners unless they are to be 
machine-finished, as the pattern maker will make his pattern to 
conform to the curve shown on the drawing. 

I. Drill.—In a common drilling operation give the size of the 
drill on the circular view of the hole, using a leader pointed toward 
the center. Give the depth as shown. 

II. Ream.—Where precision of size is required, the hole is 
sometimes specified as a reamed hole. This reamed hole must 
correspond in size to the class of fit required and the limits desig- 
nated on the drawing. 

III. Tap.—It is considered good practice to give the depth of 
(he tap drill, Mas well as the depth of the thread, M, as this 
insures sufficient clearance for the tap. It often happens that 
when the depth of the tap drill is not given, the hole is drilled only 
\o the figure given for the thread depth, and this is not sufficient 
for a full thread to the proper depth. 

Upon the circular view should be given the outside diameter 
of the tap, the number of threads per inch, the form of the thread, 
und the class of fit. 

IV. Countersink.—Give the drill size, the greatest diameter 
of the countersink, and the angle which will fit the work. 

V. Counterbore.—Use a note with a leader to the circular view. 
Where the dimension from the bottom of the counterbore to the 
opposite surface is important, the depth of the counterbore should 
lw replaced by the dimension indicated by X. 

VI. Counterbore to a Surface-—When it is merely desired to 
produce a smooth surface by counterboring, use a note ‘“‘Counter- 
hore to a surface,” but do not specify the depth. 

Dovetails.— Dovetails are dimensioned as shown at I and II in 
liz 72. Wires are laid in the angles and the machinist can, by 
ineasuring distance C andG, check dimensions A and F, respectively. 

The sketch at III in Fig. 72 shows the two mating parts 
assembled. The sharp edges are removed to provide a clearance 
und to protect the hands in handling. 

Table 11 shows dovetail dimensions for various angles. 

Grinding.—Three methods of designating surfaces to be ground 
ave shown in Fig. 73. At I is shown a cylindrical part that needs 
ho necking because the large diameter only is ground, At IT and 
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In 


It also pro- 


vides for a square corner between 


the small diame 
* diameter, a result difficult of accom- 


grinding wheel clear over until it 


touches the shoulder. 


“| 


this case a note calling for the part to be necked for grinding is 
When a part is thus necked it is not necessary to run the 


III are shown two ground surfaces of different diameters. 
necessary. 





ter and the large 











It 
ive 


. 


t generally necessary to g 
as the machinist will turn this just 


under the ground diameter size. 
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because the edge of the grinding 
wheel is never perfectly square. 


. 


plishment when necking is omitted, 


is no 


Q 
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Grind af 4 


; Grind 


Neck for gringdin 29. 





Fic. 73.—Method of dimensioning 
surfaces finished by grinding. 


Ill 
Fic. 72.—Dovetail dimensioning. 


PACH HARDEN 





ind at g’’ added 


a part, the letter 
Grind 





When several ground surfaces are necessary on 
taper pinhole cannot be 


, may be placed on all such surfaces and a note ‘‘Gr 
to the drawing, as shown in Fig. 73. 


It frequently happens that a 
“amed out where the shaft is 
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he shaft which is to receive the Fis. 74.—Portion of part left soft for tooling. 


imensioning 


Figure 74 shows a method of di 
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When surfaces are to be hardened and ground, the hardening 


should precede the grinding. 


In such cases a note reading ‘‘ Harden 





and Grind” should be placed on the drawing, 
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Hardening a part distorts it somewhat, but the grinding opera- 
tion corrects any inaccuracies produced by hardening. When a 
part is to be ground after hardening the surfaces to be ground are 
machined a little large to allow for the material removed in grind- 

ing. The grinding operation brings 


= pot face. the part to the correct size within 


poe ea the manufacturing limits. 


Spot Face.—When one or more 
bosses require a finish to an indefi- 
nite height, a note calling for ‘“Spot 
Face” is placed on the drawing with a leader or leaders pointing 
to the bosses to be faced. When ‘‘Spot Face” is called for, it is 
understood that the boss merely needs to be finished to a smooth 
surface. This treatment is shown in Fig. 75. 

Knurl.—Many cylindrical parts re- 
quire a roughened portion to enable the 
operator of the machine to secure a good 
handgrip when adjusting or handling the 
part. This roughening is usually accom- 
plished by the knurling process wherein 


Fic. 75.—Spot face dimensioning. 


fedium Diamond Hurl. 





Fic. 76.—Knurled surface. 


a tool having small hardened and pointed prisms is rolled into the 


softer part to be machined. These pointed prisms are commonly 
square or diamond-shaped at the base and may be either fine, 
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No.5 Jarno saper 


Fig. 77.—Dimensioning standard taper. 


medium, or coarse. Figure 76 shows a method of drawing and 
designating knurled surfaces. 

Tapers.—Taper pins, the conical portion of spindles, etc., a 
designated as having a certain taper per foot. This means tha 
the diameter increases or decreases a given amount in each foo 
of length, Thus in a taper of by in, per foot, the large end wi 
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be 14 in. greater in diameter than the small end if the part is just 
| ft. long. Some of the standard tapers are the Sellers, the Reed, 
the Jarno, the Brown and Sharpe, 
and the Morse. . 

When a standard taper is used, , 
it is dimensioned as shown in Fig. 77. 
When the taper does not correspond 
to any recognized standard, it is di- \— Teper 3 "per foot. 
mensioned as shown in Fig. 78. Fie. 78.—Dimensioning nonstandard 

If the length of a conical part “en 
is small as compared to its diameter, it is better to give the angle 
whieh the conical surface makes with the axis. This is clearly 
shown at I in Fig. 79. 








Fia. 79. 


Flat angular surfaces are commonly dimensioned as at II and 
Ill in Fig. 79. There are no fixed rules governing the dimension- 
ing of such shapes, and when dimensioning it is well for the drafts- 
man to inquire of the machine 
shop foreman as to the method 
he intends to employ in finishing 
the part. The part should then 
be dimensioned to suit the tools 
and fixtures which are to be used 
in its manufacture. 
Center-to-center Dimensions.— When parts with rounded ends, 





lia, 80.—Center-to-center dimensioning. 


such as that shown in Fig. 80, are to be dimensioned, it is not 
necessary to give the overall dimension. Give the dimension from 
center to center of holes and the radii, or, where possible, the 
diameters of the rounded ends, 
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Tapered Holes and Tapered Bosses in Castings.—When cast 
parts are to have tapered holes or bosses they should be dimen- 
sioned as shown in Fig. 81. 






L"prill. ough 
ream 7o .360" 


_— ZZ aril. 


|._ 255 oO" & Drill. Frough ream ta .350 . 


No. 6 Taper pin. 


Fig. 82.—Dimensioning tapered pinholes. 








Tapered Pinholes. Tapered pinholes are located and dimen 
sioned as shown in Fig. 82, At I is shown a collar and at IT is the 
shaft upon which the collar is to be fastened with a taper pin. 
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When one part is to be taper-pinned to another, the fit between 
the shaft and the mating part should be very close, as vibration 
will otherwise loosen the pin. This is particularly true when the 
part to be fastened to the shaft is a gear or a cam. A Class-4 fit 
is shown in the figure and is recommended for this type of fastening. 

In Fig. 82 it is intended that some free-moving member shall 
le mounted between the shoulder on the shaft and the face of the 
collar; therefore the pinhole in the shaft is dimensioned from the 
shoulder and the pinhole in the collar is dimensioned from that 
face which is to come in contact with the " 
free-moving member. sa =|? Fe se 

The pinholes in the shaft and collar are i 1c a it 
first rough-reamed and then finished- Set 
reamed when the collar is assembled to \2 ni 
the shaft. “Le 

In the table of taper-pin sizes the sess Ee 
number of the pin, size of drills to be used, amount to rough ream, 
etc., are given. 

Parts Cut from Cylindrical Stock.—When a part is to be cut 
from cylindrical stock, the curved surface is dimensioned as shown 
in Fig. 83. Often two or more parts can be made from one cylindri- 
cal disk. 


72. is 
8 Drill. 6 hole 
= equally Spaced. 











Fia. 84.—Bolt circle dimensioning. 


Bolt Circle Dimensioning.—The circle upon which bolt holss 
are drilled ie dimensioned as illustrated in Fig. 84 
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Dimensioning Curves, Arcs, and Circles.—Complete circles 
and ares greater than semicircles are dimensioned by giving the 
required diameter. If the circle is sufficiently large, the dimension 


2 





_& 
ca 





' cae 
% . 
+ yK--C enter ar line A--A. 
| 
Fig. 85.—Dimensions for curves, ares, and circles. 


is placed inside, if not, it is placed by a choice of any one of the 
methods illustrated in Fig. 85. When the arc is less than a semi- 
circle, the radius is given and the dimension line is drawn from the 
center which is always indicated by two crossing lines. The 
letter R or Rad. should be used when there is sufficient room, 

When the center from which the are is swung cannot be located 
within the limits of the drawing, either of the two methods shown 
for the 234-in. dimension of Fig. 85 may be used. 

A file is used to take off dangerous, sharp outside corners. 
Since very little metal is removed, no dimen- 
sion is necessary, but a note indicating the 
method of rounding the corner should be 
added. 

Irregular curves as used in cast machine 
frames, bases, etc., are ordinarily not dimen 
curve signed. A full-size drawing of them usually 

gives whatever information is required. If, 
however, it is desired to show the size of the curve, coordinate 
dimensions are used such as in Fig. 86. 

Dimensioning across and about a Center Line. There are 
two accepted methods of dimensioning symmetrical views. Figure 
87 shows these two methods, I being ‘about the center line and IT 
being ‘‘across the center line,” Bither way may be employed, 

























Fig. 86.—Irregular 
dimensioning. 


DIMENSIONING 83 


but the method shown at I is preferred as it gives the machinist 
direct figures from which to work. 





Fic. 87.—Dimensioning ‘‘about’’ and ‘“‘across”’ the center line. 


Dimensioning the Length of a Straight Spline.—The two 
methods most commonly employed for cutting straight splines are 
illustrated in Fig. 88. At I is shown a spline cut with an end mill, 





7: IZ. 


Fia. 88.—Straight spline dimensioning. 


and at II a spline cut with a circular cutter. The dimensions 
|!4 in. in each type represents the feed or travel of the cutter. The 
method represented at II cannot always be used as the radius 
would in some cases cut into a shoulder turned on the shaft. 


General Dimensioning Guide.—1. Dimensions indicate the size of the com- 
pleted piece. Allowances to be made for metal to be machined off a casting 


or forging, or for shrinkage, are made in the shop. 


2, Be sure that the dimensions give all the size information clearly, 
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3. Make it unnecessary for the workman to add or subtract figures to obtain 
a dimension. 

4. Dimensions up to 24 in. should be given in inches. Wheels and gears 
are the exception, since they should be dimensioned in inches whatever the size. 

5. A dimension in feet and inches is indicated thus: 5’-9’’.. One in feet and 
no inches thus: 5’-0”. One in feet and a fraction of an inch thus: 5’-}4”’. 

6. In general do not repeat dimensions. 

7. Preferably keep dimensions off the views of the object. 

8. Do not crowd dimensions. 

9. Dimension lines should be spaced evenly. 

10. Dimension lines should not cross each other except when unavoidable. 

11. Dimension lines must never be placed on center lines or on any other 
line of the drawing. 

12. Do not dimension to an invisible (dash) line if possible to avoid it. 

13. In general, do not dimension the center line of a finished hole or finished 
surface from an unfinished surface of a casting. 

14. In work which is finished all over, such as some flat plate and sheet 
metal work, two edges at right angles may be taken as base lines and all dimen- 
sions given from lines extending from these edges. 

15. It is best to draw all line work before placing figures. 

16. Guide lines should be made for all figures and notes. 

17. Poorly drawn figures and arrowheads will spoil the appearance of a 
drawing. 

18. Staggered figures prevent confusion in reading a drawing. 

19. Never place a figure where a line must cross it. 

20. Where possible give the diameter of a circle on the projection which 
shows it as a true circle (see Fig. 33). When the dimension is placed on the 
straight-line projection of the circle, the letter D should follow the dimension. 

21. A dimension for an are should start from the center if possible. If it 
cannot start from the center it should go toward it. 

22. Radii of arcs should be marked F or Rad. 

23. f marks should be placed on the circular or end view of a cylindrical 
surface. 

24. Do not place notes within views if it can be avoided. 


EXAMPLES OF DIMENSIONING 


Example I.—In this example (Fig. 89) several peculiarities of dimensioning 
will be found. 

1. Dimensions Not to Scale-——When one or two dimensions of a drawing must 
be changed without affecting materially the shape of the part, the old dimension 
is erased and a new dimension substituted and underscored. This calls attention 
to the fact that the drawing at that point is not in scale with the other dimen- 
sions shown, and it saves the expense of making a new drawing. The center 
distance 23¢”” (Fig. 89) is thus treated, 

2. Duplication of Finish.—If two or more holes or similar finishes in a part 
have the same dimensions, it is not necessary to repeat the dimension. Instead 
one hole is dimensioned and a note is added giving the number of like holes, 
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This method of dimensioning must not be used when there are several holes 
of nearly the same diameter, unless there is a leader to each, as it would cause 
confusion in deciding which holes were specified. Refer to the note, 3g” Drill, 
two holes, in Fig. 89. 

3. Provisions for Clear Reading.—It will be noticed that in Fig. 89 the figures 
are staggered to prevent confusion in reading. 





two 


ee os Ney 
Lg = go] 2, es 


Fra. 89.—-Example of dimensioning. 


Dimensions must be placed so that they will not be confused with one another, 
even under conditions where crowding is necessary. See the 54” and }4” 
dimensions in Fig. 89. 

Example II.—Figure 90 is a detail drawing of a spindle. A cylindrical 
portion at the center 114’ diameter and 114” long is turned to receive a driving 
pulley, and a 3¢” counterbore is made in the center of this cylindrical portion 


to provide a seat for the pulley-set screw. 


Harden and grind at "9" 





OL 






Taper ib per foot. 


Via. 90.—Example of spindle dimensioning. 


The inner races of ball bearings are mounted on the 3¢’’ diameters, these diam- 
eters being ground. Theinner races of the ball bearings are a “tunking’’ or Class- 
} fit as it is important that these races be perfectly concentric with the spindle. 

A 84"-16-NF-4 threaded portion is provided at each inner race bearing to 
hold the race against the shoulders of the middle portion of the spindle. These 
races are to rotate with the spindle. 

At the extreme left end is an extension 1/” long and 5¢’’ diameter. This 


0.1250" 0.4375” 


extension has a 0.1255" slot cut across the end, and in the end is a 0.4379” 
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diameter recess 14” deep with a 5{¢’’-24 tapped hole extending below the bottom 
of the recess. This tapped hole receives the screw which holds the cutter (not 
0.1250” 
. 0.1255” 
the cutter and thus prevents cutter from rotating relative to the shaft. 

The 9,” diameter at extreme right end has a flat milled on it to furnish a 
surface for a wrench, so that the spindle may be held against rotation while 
the 5{,’’-24-NF-3 screw is being set up or loosened. 

The spindle is ground at the inner race seats and the shaft is necked between 
the center portion of the shaft and the inner race seats to accommodate the 
grinding wheel. 1 

It will be seen that the length of the 9g’ diameter at the extreme right is 
left floating as the exact length of this portion is unimportant. 


shown) to the end of the spindle. The slot receives the cross key of 
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CHAPTER VI 
FASTENINGS 


Machines are composed of a number of parts that must be assembled in 
a definite relation to each other. In order to hold these parts securely 
in their proper position on the machine, various forms of fastenings are 
employed. The most common forms are screws, bolts, keys, pins, and rivets. 


Common Forms of Screw Threads.—Various forms of screw 
threads are shown in Fig. 91. A is the sharp V Thread, B is the 





VY 
UNITED STATES STANDARD, ALSO 


AMEFPICAN NA ee STANDARD. 
X 


2 les 6 ° . 
Ee \S707R: |x lS) eat 


SHARP "VY" THREAD 











Yi) 


WHITWORTH THREAD 


BUTTRESS THREAD 


Fia, 91.—Common forms of screw threads, 


United States Standard and also the American Standard, and has 
the crest of the thread flattened and the root filled in a like amount, 
87 
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C is the square thread, D the Acme thread, E the Whitworth thread, 
and F the Buttress thread. The Buttress thread should sustain 
pressure on the radial face only. ; 

The Pitch of a Screw.—The pitch of a screw 1s the distance 
from any point on one thread to a corresponding point on the 
next thread as measured parallel to the axis of the screw. In Fig. 
91 the distance P represents the pitch of the thread. The pitch 
is equal to one divided by the number of threads per inch. 

The Lead of the Screw.—The lead of a screw is the distance a 
nut will travel along the axis if it is turned one full revolution. 

For a single-threaded screw the pitch and the lead are the 
same. For a double-threaded screw the lead is equal to twice 
the pitch, for a triple-threaded screw it is equal to three times the 
pitch, etc. 





D & 


Fria. 92.—Various methods of representing screw threads. 





Various Methods of Representing Screw Threads. —Conven- 
tional representations of screw threads are commonly used, since 
a great deal of time and expense is thereby saved. Methods 
shown at A, B, D, E, F, and G in Fig. 92 are preferable to that 
shown at C, except on such drawings as are to be used for display 
purposes. | 

The conventions given at, B, F, and G are very easily drawn, 
and are often preferred to those which show the actual hand of 
the thread by the use of slanting lines. When the thread lines are 
drawn. normal to the screw axis, as at B, F, and G, it is always 
understood that the screw has a right-hand thread unless a note on 
the drawing states that it is left-hand. 

Figure 93 shows some methods of representing tapped holes, 


A, is a tapped hole in a full view and A, is the same hole in 


section. 
B, and Bs, C; and Cy, D, and D, are full views and sections 


; ; ; 7 
employing different conventional representations. C, and Cy are 
generally preferred, 
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When slanting lines are used to represent screw threads it 
should be noted that the slant of the lines for the sectional view is 
in a direction opposite those in the full view. 

A, and A», B; and By, represent right-hand threads. C, and 
C,, D,; and D, represent right-hand threads unless accompanied 
by a note stating that they are to be made left-hand. 

The plan view of the hole is shown by a full-line circle inside a 
dotted circle. 

When drawing a section of a thread in ink the root lines are 
made noticeably heavier than the crest lines. On pencil drawings 








Fig. 93.—Methods of representing tapped holes. 


of serew-thread sections both root lines and crest lines are made 
uniform in weight. In the full view, dotted lines are used for 
crest and for root. 

Before a part can be tapped, a hole must be drilled to permit 
the tap to enter it. The diameter of this hole must be equal to 
(he root diameter of the tap, and it should extend into the part a 
ilistance equal to the depth of the tapped hole plus one diameter 
of the screw, approximately. When the depth of the tapped 
portion only is shown on the drawing, the machinist who drills 
(he holes is likely to drill only as far as the figure given for the 
depth of the tapped hole, and, it being difficult to tap a full thread 
(\o the very bottom of a hole, the tap drill depth should be distinctly 
shown as exceeding the tap depth. Figure 934A shows how the 
(ap drill hole is drawn. It is not necessary to dimension the depth 
of the tap drill hole. 

When a part is not much thicker than the depth of the tap drill 
hole, it is well to let the drill run clear through, 





E 
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Tape 12.—SHarp V THREADS 


The Sharp V Form.—This thread has sharp crests and roots, 
ihe included angle of the thread being 60-deg. Table 12 gives the 





























d . Depth of Diameter at + i ‘i 
Diameter of screw is Po Pitch ccan. | | seat of dies diameters and threads per inch. The thread proportions are 
shown at A in Fig. 91. With these data the body of a sharp 
¥ 20 0.0500 0.0433 0.1634 \’-threaded screw can be drawn. 
Be 18 0.0556 0.0481 0.2163 Because of its greater holding power this form of thread is used 
36 16 0.9625 id et {0 some extent on set screws 
8 0.0714 0.0618 0.3140 o som . . 
Ke 2 0.0833 0.0722 0.3557 The United States Standard Form.—This thread is in common 
“4 use, the thread form being a 60-deg. included angle but having the 
% 6 12 0.0833 pee ae crest flattened an amount equal to one-eighth of the pitch and the 
fs i: ees 0.0787 0.5301 root filled in a like amount. Table 13 gives the screw diameters 
a 10 0.1000 0.0866 0.5768 and the threads per inch. The thread proportions are given at 
74 ° . 
13/6 10 0.1000 0.0866 0.6393 B in Fig. 91. 
9 @.1111 0.0962 0.6826 The Square Form.—The square thread is designed for heavy 
9 0.1111 0.0962 0.7451 work such as screw presses, lifting jacks, etc. It is rather difficult 
—? 8 0.1250 0.1083 0.7835 
1 7 0.1429 0. 1237. 0.8776 
14 7 0.1429 0.1237 1.0026 
4 
3 6 0.1667 0.1443 1.086 
: s 6 0.1667 0.1448 1.2114 
1 3 5 0.2000 0.1733 1.2784 
1 34 5 0.2000 0.1733 1.4034 
1% 41 0.2222 0.1924 1.4902 
2 44 0.2222 0.1924 1.6152 
TABLE 13.—Unitep States STANDARD THREADS 
ae Threads per ; Threads per , : 
Diameter ahr per | Diameter ie - Diameter inch: 2 thds Per inch, 
SQUARE THREAD. 
is 64 1346 10 1% . Fia. 94, 
%, 9 11346 5 
4 9 ae : (o manufacture, and the Acme thread should be used in preference 
; 2 = 416 When it is possible. The thread pronortions are given at C in 
‘ig. 91, and Table 14 gives the thread parts for different threads 
7 2 6 . per inch. Figure 94 is a drawing of a square thread screw. If a 
: : ‘ rhs portion of the thread is shown in section, as in the figure, the true 
7 . 
6 2% 4 shape of the thread can be more easily seen. 
6 2 56 4 The Acme Form.—Like the square thread, the Acme is designed 
for heavy work. It is easier to manufacture than the square, and 
ii many cases can replace it. Table 15 gives the thread parts for 
the different threads per inch, and at D (Fig. 91) can be found the 









































thread proportions, Figure 95 is a drawing of an Aeme screw, 
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Threads 
per inch 


1 
14 
1% 
134 
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24 
3 
3% 
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Threads| Depth | of flat 


per 
inch 





MACHINE DRAWING 





= 


Tapue 14.—ELEMENTS OF THE SQUARE THREAD 



































th | Double 
De ae Threads depth of Leann of | depth of 
Me d ee per inch thread | thread perinch | thread | thread 
rea 3 
( 2292 0.0417] 0.0833 — 
0.3750| 0.7600 O aie| o. 2000 | 13. | 0.0885] 0.0769 
0.3750} 0. : 0 oe 
1818 14 0.0357] 0. 
0.3333] 0.6667 0.0909] 0. 5 Of 
1667 15 0.0333) 0. 
0.2857| 0.5714 0.0833) 0. bo ae 
0.2500} 0.5000 0.0714) 0.1429 16 0. 
.0278] 0.0556 
0.2000} 0.4000 0.0625 epee A ; esol 0 OM 
0.1667] 0.3333 0.0556 an . 0 aol 0. 
Laer pact Sct, 909 24 0.0208] 0.0417 
0.1250] 0.2500 0.0455]:0.0 
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ACME THREAD 


Fia. 95. 


Depth | Double 

















































Width | Width 


Doabie Threads| Depth | of flat | of flat 
depth 


















0.1009) 0.0674 
6 0.0933] 0.0618 
0.0814) 0.0530 






0.0725] 0.0468 


0.0600) 00871 
(0,0517| 0.03809} 0.0257 
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The Whitworth Standard Form.—This is a British Standard 
thread but is used to some extent in this country. Figure 91 at 
’ gives necessary data to draw the body of a Whitworth screw. 

American National Thread.—This is the approved standard of 
the National Screw Thread Commission. It includes a coarse- 
and a fine-thread series. The coarse series is for general engineer- 
ing work, and the fine series for use where special conditions require 
« fine thread. 


Taste 16.—AMERICAN NATIONAL COARSE-THREAD SERIES 













































































Identification Bene Setter Thread data 
. Mini- Basic 
vol pen | nino! Ct Depth | Basie | TR | Het | seg. of 
Threads _ OF aoe emer es r| Pitch oO width | of flat eels at root 
Mixes | per inch iar: am: A | Caso! Py thread | of flat | at major |®" D&Ste f 
er eter eter diam- | ; : itch 
n D EB K ater: inches i _p/8, diam- iin thread 
milli- inches | inches a tor 3 | ™K2/4 
nut p. ‘ square 
meters inches inches 
! 2 3 4 5 6 7 8 9 10 11 | 12 
1 64 0.073 |0.0629/0.0527} 1.854 |0.01562/0.01015/0.00195| 0.00065] 4° 31’| 0.0022 
56 0.086 |0.0744/0.0628} 2.184 |0.01786/0.01160/0.00223| 0.00074] 4 22 | 0.0031 
‘ 48 0.099 |0.0855|0.0719} 2.515 |0.02083/0.01353/0.00260] 0.00087] 4 26 | 0.0041 
40 0.112 |0.0958/0.0795| 2.845 |0.02500/0.01624/0.00312| 0.00104] 4 45 | 0.0050 
6 40 0.125 |0.1088/0.0925} 3.175 |0.02500/0.01624/0.00312| 0.00104] 4 11 | 0.0067 
6 32 0.138 |0.1177/0.0974| 3.505 |0.03125/0.02030/0.00391| 0.00130} 4 50 | 0.0075 
4 32 0.164 |0.1437/0.1234| 4.166 |0.03125/0.02030/0.00391| 0.00130} 3. 58 | 0.0120 
10 24 0.190 |0.1629/0.1359] 4.826 |0.04167/0.02706/0.00521| 0.00174] 4 39 | 0.0145 
! 24 0.216 |0.1889]0.1619] 5.486 |0.04167/0.02706/0.00521|} 0.00174] 4 1 | 0.0206 
\y 20 0. 2500/0.2175/0.1850} 6.350 |0.05000]0.03248/0.00625] 0.00208] 4 11 | 0.0269 
“Ve 18 0.3125/0.2764/0.2403] 7.938 |0.05556/0.03608/0.00694| 0.00231] 3 40 | 0.0454 
% 16 0.3750/0.3344/0. 2938] 9.525 |0.06250/0.04059]0.00781|] 0.00260] 3 24 | 0.0678 
‘ie 14 0.4375/0.3911/0.3447] 11.113 |0.07143/0.04639]/0.00893] 0.00298] 3 20 | 0.0933 
hy 13 0.5000/0.4500/0.4001] 12.700 |0.07692/0.04996]/0.00962| 0.00321] 3 7 | 0.1257 
“ie 12 0.5625/0.5084/0.4542] 14.288 /0.08333/0.05413]0.01042] 0.00347] 2 59 | 0.1620 
on 11 0.6250/0. 56600. 5069} 15.875 |0.09091/0.05905]0.01136} 0.00379] 2 56 | 0.2018 
10 0.7500/0.6850]/0.6201] 19.050 |0.10000/0.06495/0.01250] 0.00417| 2 40 | 0.3020 
th 9 0.8750/0.8028/0.7307| 22.225 |0.11111/0.07217|/0.01389] 0.00463] 2 31 | 0.4193 
| 8 1. 0000/0.9188]0.8376] 25.400 |0.12500/0.08119]0.01562} 0.00521] 2 29 | 0.5510 
tha 7 1.1250)1.0322/0.9394] 28.575 |0.14286]0.09279/0.01786| 0.00595] 2 31 | 0.6931 
thy 7 1, 2500/1. 1572/1.0644] 31.750 |0.14286]0.09279|0.01786] 0.00595} 2 15 | 0.8898 
hy 6 1, 5000/1.3917]1.2835] 38.100 |1.16667|0.10825/0.02083] 0.00694] 2 11 | 1.2938 
iy 5 1. 7500}1.6201]1.4902} 44.450 |0.20000|/0.12990/0.02500] 0.00833] 2 15 | 1.7441 
4 4)9  |2,0000/1,.8557|/1.7113] 50.800 |0.22222/0.14434|0.02778] 0.00926] 2 11 | 2.3001 
yh 44 |2, 2600/2, 1057/1.9613] 57.150 |0,22222/0,14434/0.02778] 0.00926] 1 55 3.0212 
Who 4 2.6000) 2, 3376/2,1752] 63,500 |0.25000/0, 16238/0,03125} 0.01042] 1 57 | 3.7161 
wi 4 2, 7500)2 , 5876/2 ,4262) 69.850 |0,25000/0, 16238/0,03125} 0.01042] 1 46 | 4.6194 
" 4 4, 0000/2, 8376)2, ‘ on ‘ 0, 16238/0,03125) 0.01042) 1 386 | 5.6209 
i Shy 14, 0000/2, 8144) 2, OF .18558)0, 08571) 0.01190) 1 5, 















———— << 


94 MACHINE DRAWING 
FASTENINGS 95 


There are four classes of fits in each series as follows: Taste 18.—D 
, _—Dimensions or Unirep Srates StanpARD Bout HEAps AND Nurs 


Class 1, loose fit (rough commercial quality). 

Class 2, free fit (work of ordinary quality). 

Class 3, medium fit (better grade of interchangeable screw-thread work; auto- 
mobile bolts, nuts, etc.). 

Class 4, close fit (fine, snug fit; high-grade aircraft parts, etc.). 





Table 16 is for American National coarse-thread series, and 
Table 17 is for the fine series. The form of the thread profile is 
the same as that of the United States Standard thread. 


Tapp 17.—AMERICAN NavioNaL FINE-THREAD SERIES 
















rr 
























































































































































































































Identification Danie Cierast eres Thread data 
e ; Mini- Basic 
Metric 
: . : equiv- Depth | Basic width Helix aoehall 
: Threads oe Ee oe ae Pitch of width | of flat angle at root 
Sizes | per inch Le ham: iam- | of major Ps thread | of flat | at major at basic of 
n eter eter eter pny inches h, p/8, | diam- hae thread 
oe inches | inches tet cere | 7K2/4 
meters ™ynches : Sone 
1 | 2 s {als 6 7 8 {oo [nu | x 
0 0 _|o.060 |0.0519|0.0438] 1.524 |0.01250 9.00812/0.00156] 0.00052) 4° 23’| 0.0015 
1 72 |0.073 |0.0640/0.0550| 1.854 |0. 01389 0 .00902|0.00174| 0.00058] 3 57 | 0.0024 
2 64 |0,086 |0.0759|0.0657| 2.184 ]0.01562 0.01015|0.00195| 0.00065] 3 45 | 0.0034 
3 56 10.099 |0.0874|0.0758| 2.515 |0.01786 0.0116010.00223| 0.00074| 3 43 | 0.0046 (Hexagonal) 
4 4s {0.112 |0.0985/0.0849] 2.845 |0.02083)0. 01353 0.00260] 0.00087| 3 51 | 0.0057 Di Flats or 8 ‘hi (Square) 
iameter Corners Thickn Thickness 
of bolt short ess of Corners 
5 440.125 |0.1102|0.0955| 3.175 [0.02273 0.01476/0.00284] 0.00095] 3 45 | 0.0072 diameter or long of nut sh lend 
6 40 _|0.138 |0.1218|0. 1055} 3.505 |0.02500 0 01624|0,00312| 0.00104| 3 44 | 0.0087 diameter bolt head ‘ . 
8 36 10.164 |0.1460|0.1279| 4.166 |0.02778 0 .01804/0.00347| 0.00116] 3 28 | 0.0128 diameter 
10 32 |0.190 |0.1697|0.1494] 4.826 |0.03125 00203010 .00391| 0.00130| 3 21 | 0.0176 D Ww C . Tr 
12 98 |0.216 |0.1928|0.1696| 5.486 |0.03571 0 .02320/0.00446] 0.00149] 3 22 | 0.0220 x Cy 
% og |0.2500/0.2268|0.2036] 6.350 |0.03571 0.02320|0.00446] 0.00149 52 | 0.0820 MY Ww 3164 \Y Vv sae 
5{6| 24  |0.3125/0.2854|0. 2584 7938 |0.04167|0.02706/0.00521} 0.00174 40 | 0.052 546 1% Lf, 7 ri 32 
34 24 —|0.3750|0.3479|0.3209] 9.525 0.04167|0.02706|0. 00521] 0.00174 080 3¢ 11/7 eqs ‘64 27145 
%_\ 20  |0.4375|0.4050|0.3725| 11.118 0 .05000|0.03248|0.00625| 0.00208 7 oy oat 38 ley 3lSo 
% 20 0.5000/0.4675|0.4350| 12.700 |0.05000 0.03248|0.00625] 0.00208 a oaa *782 Ti6 2564 tlhe 
2 1% 1% “% WY 
X%5| 18  |0.5625|0.5264)0. 4903 14.288 |0.05556|0.03608|0. 00694] 0.00231 18 “6 31g5 1 i o wo 1 “A 
56 18 |0.6250|0.5889|0.5528} 15.875 0. 05556|0.03608|0.00694| 0.00231 ; 5g ie 1154 a 764 1 % 
4 16 |0.7500|0. 7094/0. 6688] 19.050 |0.06250 0.04059|0.00781] 0.00260 ‘ a4 LY ee »% 179 1% 
% 14 |0.8750|0.8286|0.7822| 22.225 |0.07143 0. 046390. 00893] 0.00298 j 5 4 12964 34 5g 1 3% 
1 1000010. 9536|0.9072| 25.400 |0.07143}0. 04639 0.00893 0.00298 . O4l a 1 16 14364 1g 234, oa) 
1 5¢ 1% $ 7 
16 1 1.07091.0167| 28.575 |0.08833]0.05413/0. 01042] 0.00847 ig 1136 2 a2 i wi6 21582 
1% 12 |1,2500|1.1959|1.1417| 31.750 |0.08333 0.05413|0.01042| 0.00347 02m 14 is hg lg %e 2 %6 
14 12 |1,5000|1.4459|1.3917| 38.100 |0.08833 0.05413|0. 01042] 0.00347 134 are 716 14 1 253h4 
134 10 1. 7500|1.6850|1. 6201) 44,450 0 10000|0. 06495]0.01250] 0.00417 8 2 16 21769 13¢ 1 3 33 
2 10 _|2. 0000]1,.9350]1,8701) 50,800 6, 100000, 06495|0.01250) 0.00417 IMy 2 36 2 34 1% 1 86 3284. 
154 29 15/ ‘ ane 64 
2h g (2.250012, 1688|2, 0876] 57,150 |0, 12600]0, 0811010, 01502 0, 00521 Mw 134 9 AN 4 Md 1% 1 %o 3 54 
ayg 8 — ja, 6000\2 ,.4188]2, 8376) 68, 600 0. 12600\0, 08110}0, 01562) 0.00621 2 11 azn 2.718 194 1 34 35164 
24 a — 2, 7500]2 , 6088]2, 6870) 60, 850 6), 12500/0, 08110\0, 01662] 0,00521 one 2146 Bg 1% 11345 4 3 
n 18 0000/2, O1N8)2, HAG) 70, 200 6, 1260010,08110|0, 01802] 0.00621) 0 47 ° 3% 9 1% 42%, 
“64 
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United States Standard Bolts and Nuts.—Proportions for these 
bolts and nuts are given in Table 18. The dimensions are based 
upon the diameter of the bolt, and are as follows: 

W = distance across flats of square or hexagon head or nut 
14D + 38”, 









T;,, = thickness of square or hexagon head 
= 9” 

T,, = thickness of square or hexagon nut 
= D. 





Fiq. 97.—United States Standard square bolt head and nuts. 


Drawing the United States Standard Bolt and Nut.—At A, 
ig. 96, are shown a hexagon head bolt and nut across flats, and at 
} the same bolt and nut are shown across corners. This is the 
chamfered type of head. 

C is a rounded-head type of hexagon bolt and nut shown across 
worners, and D is the same type across flats. 

In Fig. 97 E is a square-head bolt and nut shown across flats, 
and F is the same bolt and nut drawn across corners. 

The method of drawing the hexagon head across flats is clearly 
shown at A, Lines should be drawn as numbered, 


Fra, 96.--United States Atandard hexagonal bolt head and nuts. 


Ee 
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When drawing the hexagon heaa or nut across corners or across 
flats proceed as follows: 

Drawing of Bolt Head and Nut (Prism Construction).—The 
bolt head, or the nut for a bolt is simply a short prism (usually 
hexagonal or square) with the corners of one end cut off for a 
chamfered type, or with the whole end rounded in spherical shape 
for the rounded type. Very often only one view of a bolt is 


















 Gestance 
Across F/ors”. 
Short Pramerer 


4ong Diamerer 
. oy 
Distance” “Across Corners” — 





A 
aN : or. 
y ee wr 
rf Across Corners ry [= Across ered 
B Cc 


Fiq. 98.—Prism construction for drawing bolt head and nut. 










required, the end view being omitted. Therefore it is necessary 
to know how to draw the bolt without making use of an end view. 

First, consider the end view of a square and of a hexagonal 
prism. The long diameter of a square (distance from corner to 
corner, called ‘‘across corners,” see Fig. 98A) passes through the 
center at an angle of 45 deg. with the short diameter (distance 
between parallel faces, called “across flats’). The long diameter 
of a hexagon passes through the center at an angle of 30 deg. with 
the short diameter. 

If we should wish to view the square prism across corners it 
might be turned from the position of Fig. 98A through an angle of 
45 deg. to the position indicated in Fig. 98B. For a like purpose 
the hexagonal prism would be turned through an angle of 30 deg, 
(C), A square prism viewed ‘across corners’? appears as two 
oqual rectangles in the front view. A hexagonal prism, viewed 
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‘“‘aeross corners” appears as three rectangles in the front view, 
the two side faces each one-half as large as the middle face. 
Should only the short diameter! be known, it is still possible 
to draw the prism ‘‘across corners” without actually making an 
end view by using the information given above (Fig. 98D). 
The steps necessary for the hexagonal prism follow: 


a. Draw center line (1). 

b. Draw bottom (2) and top (8). 

c. Draw construction line (4) a distance of one-half the short diameter from 
the center line. 

d. Draw end view position of one-half long diameter, thus determining 
point (6). Swing this distance to the base to obtain (7) and (8). 

e. The positions of (9) and (10) are obvious. 


The square prism is handled in the same way but with fewer 
steps and a 45-deg. angle. 

The American Standard Bolt and Nut.—The American Stand- 
ards Association has specified two classes of square and hexagonal 
bolt heads and nuts. 


1. Rough and semifinished. 
2. Finished. 


The rough and semifinished hexagonal and square bolt heads 
and nuts are shown in Fig. 99 at B and C. 

Proportions of Rough and Semifinished Bolt Heads.—The width 
across flats is 114D for all sizes except 546, 746, and %¢ in. For 
these three sizes the width across flats is 14, 5g, and 7 in., respec- 
tively. The thickness of the head is 24D and the top of the head 
is flat and chamfered at an angle of 30 deg. with the top surface. 
The diameter of the top flat circle is equal to the distance across 
flats (see Table 19). 

Proportions of Rough and Semifinished Nut.—The width across 
flats is 114D for all sizes over 3¢ in. The thickness of the nut is 
i,D. The top of the head is flat and chamfered at an angle of 
30 deg. with the top surface. The diameter of the top flat circle 
is equal to the distance across flats. Table 20 gives principal 
dimensions of these nuts. ; 

Proportions of Finished Bolt Head.—The width across flats is 
14D for all sizes over 94g in. The thickness of the head is 34D. 

''The short diameter is a basic dimension in bolt and nut drawing, since it desig- 


nates the amount of wrench opening and also the size of rough stock from which the 
bolt ia made, 


<< 
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TasLe 19.—RovuGH AND SEMIFINISHED SQUARE AND Hexaconat Reaurar Boit 


Heaps 
a 



































Minimum 
Width across flats width across Height 

Diameter corners 

of bolt D ol 

Maximum ae Hex. | Square ae aes | sae 

y% 0.2500 3¢ 0.3750 | 0.363 | 0.414 | 0.498 114 | 0.188 | 0.156 
5{_ 0.3125 4% 0.5000 | 0.484 | 0.552 | 0.665 13¢4 | 0.220 | 0.186 
3g 0.3750 %— 0.5625 | 0.544 | 0.620 | 0.747 4% 0.268 | 0.232 
Y%6 0.4875 5g 0.6250 | 0.603 | 0.687 | 0.828 194 | 0.316 | 0.278 
4% ~0.5000 34 0.7500 | 0.725 | 0.827 | 0.995 21é4 | 0.348 | 0.308 
%— 0.5625 1g 0.8750 | 0.847 | 0.966 | 1.163 34 0.396 | 0.354 
5g 0.6250 154, 0.9375 | 0.906 | 1.033 | 1.244 2164 | 0.444 | 0.400 
34 0.7500) 12g 1.1250 | 1.088 | 1 .240 | 1.494 4% 0.524 | 0.476 
1% 0.8750 | 1 546 1.3125 | 1.269 1.447 | 1.742 1945 | 0.620 | 0.568 
1 1.0000 | 1 14 1.5000 | 1.450 | 1.653 | 1.991 2145 | 0.684 | 0.628 
1% «1.1250 | 14%, 1.6875 | 1.631 1.859 | 2.239 34 0.780 | 0.720 
14% 1.2500} 17% 1.8750 | 1.813 2.067 | 2.489 2745 | 0.876 | 0.812 
14% 1.5000 | 2 14 = 2.2500 | 2.175 | 2. 480 | 2.986 | 1 1.036 | 0.964 
134 1.7500 | 2 5g 2.6250 | 2.538 2.893 | 3.485 | 1 54g | 1.196 | 1.116 
2 2.0000 | 3 3.0000 | 2.900 | 3.306 | 3.982 | 1145 | 1.388 | 1.300 
24% 2.2500 | 3 34 3.3750 | 3.263 | 3. 720 | 4.480} 1% 1.548 | 1.452 
2% 2.5000 | 3 34 3.7500 | 3.625 4.133 | 4.977 | 12145 | 1.708 | 1.604 
234 2.7500 | 4 1g 4.1250 | 3.988 4.546 | 5.476 | 15364 | 1.885 | 1.773 
3 3.0000 | 4 14 4.5000 | 4.350 | 4.959 | 5.973 | 2 2.060 | 1.940 


The top flat is chamfered at an angle of 30 deg. with the top 
surface, and the diameter of the top flat circle is equal to the width 
across flats. (See Table 21 for general dimensions.) 

Proportions of Finished Nuts.—The width across flats is 11¢D 
for all sizes over 5¢in. The thickness of the nut is 74D. The top 
flat is chamfered at an angle of 30 deg. with top surface and the 
diameter of top flat circle is equal to width across flats. Table 22 
gives principal dimensions for these nuts. The radii for the curves 
are not specified by the National Screw Thread Commission, but 
those shown in Fig. 99 at A and D are close approximations to the 
actual curves. 

It will be noted that the finished heads are slightly thicker than 
the rough heads, Also they are washer-faced, while the rough 
heads are not. The diameter of the washer facing is equal to the 
width across flats, and the thickness of this facing is ba in. in all 
CHNOM, 
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TaBLE 20.—RoucH AND SEMIFINISHED SQUARE AND HexaconaLt RecuiarR Nuts 


oe — 

















Minimum 
Width across flats made Thickness 
across 
Diameter corners 

of bolt D = 
Maximum Mimi- Hex. | Square Nomis | hae | Mini- 

mum nal mum | mum 

14 0.2500 6 0.4375 | 0.425 | 0.485 | 0.584 749 | 0.235 | 0.203 
54g 0.38125 %— 0.5625 | 0.547 | 0.624 | 0.751 1764 | 0.283 | 0.249 
3¢ 0.3750 5g 0.6250 | 0.606 | 0.691 | 0.832 216, | 0.346 | 0.310 
T4¢6 0.43875 34 0.7500 | 0.728 | 0.830 | 1.000 36 0.394 | 0.356 
14 0.5000 137g 0.8125 | 0.788 | 0.898 | 1.082 146 | 0.458 | 0.418 
%— 0.5625 7g 0.8750 | 0.847 | 0.966 | 1.163 4 0.521 | 0.479 
5g 0.6250 | 1 1.0000 | 0.969 | 1.104 | 1.330 3564 | 0.569 | 0.525 
34 0.7500 | 1 4g =1.1250 | 1.088 | 1.240 | 1.494 2145 | 0.680 | 0.632 
1g 0.8750 | 1 54g 1.3125 | 1.269 | 1.447 | 1.742 494 | 0.792 | 0.740 
I 1.0000 |} 1% 1.5000 | 1.450 | 1.653 | 1.991 4 0.903 | 0.847 
Lg 1.1250 | 114%, 1.6875 | 1.631 | 1.859 | 2.239 | 1 1.030 | 0.970 
114 1.2500 | 1 % 1.8750 | 1.813 | 2.067 | 2.489 | 1 345 | 1.126 | 1.062 
11g 1.5000 | 214 2.2500 | 2.175 | 2.480 | 2.986 | 1 546 | 1.349 | 1.277 
134 1.7500 | 2 5g 2.6250 | 2.538 | 2.893 | 3.485 | 117g | 1.571 | 1.491 
2.0000 | 3 3.0000 | 2.900 | 3.306 | 3.982 | 1 34 1.794 | 1.706 

214 2.2500 | 3 3¢ 3.3750 | 3.263 | 3.720 | 4.480 | 13142 | 2.017 | 1.921 
2!5 2.5000 | 3 34 8.7500 | 3.625 | 4.133 | 4.977 | 2 376 | 2.240 | 2.136 
234 2.7500 | 4 1¢ 4.1250 | 3.988 | 4.546 | 5.476 | 21345 | 2.350 | 2.462 
3 3.0000 | 4 14 4.5000 | 4.350 | 4.959 | 5.973 | 2 3¢ 2.685 | 2.565 














Figure 99A shows a finished hexagonal head bolt and nut 
cross corners and across flats. 

Figure 99B shows a rough and semifinished hexagonal head 
holt and nut across corners, and Fig. 99C shows a rough and 
scmifinished square head bolt and nut across corners. 

Figure 99D shows a finished square head bolt and nut across 
corners and across flats. 

An isometric view of a finished head bolt is given in Fig. 100. 

T Bolts.—These bolts are used to fasten work to milling 
machines, planers, or to any part having T slotted grooves to 
receive the head of the bolt. Figure 101 shows the form of this 
holt, and Table 23 gives the proportions and threads per inch for 
the different diameters. Figure 102 and Table 24 give the propor- 
tions for the 'T slots for the different diameters. 
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Na, 00.— Amorioan Standard bolts and nuts. 
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Fra. 100.—Pictorial view of finished head bolt. 


TABLE 21.—FinisHep SQUARE AND HExacoNnaL Bott Heaps 
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Minimum 
Width across flats width across Height 
Diameter corners 

of bolt D 
Maximum Sat Hex. | Square Norns |, Mani-:) Mini 
mum nal mum | mum 
1; 0.2500 | 75 0.4375 | 0.428 | 0.488 | 0.588} 3/6 | 0.194 | 0.180 
S16 0.3125 %— 0.5625 | 0.552 | 0.629 | 0.758 1564 | 0.242 | 0.227 
ite 0.3750 54 0.6250 | 0.613 | 0.699 | 0.842 %o | 0.289 | 0.273 
tig 0.4875 34 0.7500 | 0.737 | 0.840 | 1.012 2164 | 0.337 | 0.319 
'y 0.5000 1374, 0.8125 | 0.799 | 0.911 | 1.097 3g 0.385 | 0.365 
"16 0.5625 1% 0.8750 | 0.861 | 0.982 | 1.182 2764 | 0.4383 | 0.411 
tag 0.6250 1546 0.9375 | 0.922 | 1.051 | 1.266 1545 | 0.481 | 0.457 
4; 0.7500 | 1 4 = 1.1250 | 1.108 | 1.263 | 1.521 9146 | 0.576 | 0.549 
a 0.8750 | 1 545 +1.38125 | 1.293 | 1.474 | 1.775 2lg9 | 0.672 | 0.641 
| 1.0000 | 1 % 1.5000 | 1.479 | 1.686 | 2.031 34 0.768 | 0.7338 
Ihy 1.1250 | 14476 1.6875 | 1.665 | 1.898 | 2.286 2769 | 0.863 | 0.824 
Ihy 1.2500 | 1 7% ~=1.8750 | 1.850 | 2.109 | 2.540 157, | 0.959 | 0.916 
lly 1.5000 | 2 14 2.2500 | 2.222 | 2.533 | 3.051 | 1 1.150 | 1.100 
iy 1.7500 | 2 5¢ 2.6250 | 2.593 | 2.956 | 3.560 | 1 576 | 1.341 | 1.284 
2 2.0000 | 3 3.0000 | 2.964 | 3.379 | 4.070 | 1 4 1.533 | 1.468 
uly 2.2500 | 3 3g 3.3750 | 3.335 | 3.802 | 4.579 | 11146 | 1.724 | 1.651 
Yly 2.5000 | 3 34 3.7500 | 3.707 | 4.226 | 5.090 | 1 % 1.915 | 1.835 
aly 2.7500 | 4 16 4.1250 | 4.078 | 4.649 | 5.599 | 2 146 | 2.106 | 2.019 
‘ 8.0000 | 4 6 4.5000 | 4.449 | 5.072 | 6.108 | 2 4 2.298 | 2.203 








ee 
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TABLE 22.—FINISHED SQUARE AND HexaconaL Recuuar Nots 








ed 
Minimum ‘ + 
Width across flats width across Thickness ~x— y. = 
Diameter corners \ D>| Y |! 
of bolt kK 
D 7 . ones 
Maximum Mint- | Hex. | Square Nomi-) Mazi- | Minh Li | 
mum | nal mum | mum Y 


























Y% 0.2500 T_ 0.4375| 0.428 | 0.488 0.588 149 | 0.225 | 0.212 ae Y L 
Seq 0.3125 | %— 0.5625] 0.552 ) 0.629 | 0.758 | 17a 0.273 | 0.258 oe ; YW Wp 
3g 0.3750 5g 0.6250| 0.613 | 0.699 | 0.842 2144 | 0.336 | 0.320 a 4 ; Us 
Y%_ 0.4375 34 0.7500) 0.737 | 0.840 | 1.012 3¢ | 0.384 | 0.366 A->| | 
1% 0.5000 | 1346 0.8125) 0.799 0.911 | 1.097 1_ | 0.448 | 0.428 O 
Fia. 101.—T bolt. Fia. 102.—T slot 
%_ 0.5625 1 0.8750) 0.861 | 0.981 | 1.182 1% | 0.511 | 0.489 r : 
5g 0.6250 | 1 1.0000| 0.985 | 1.123 | 1.352 3564 | 0.559 | 0.535 a ABLE 23.—T Bours 
34 0.7500 | 136 1.1250) 1.108 1.263 | 1.521 | 242 | 0.670 | 0.642 I dimensions in inches. 
1% 0.8750] 1 %46 1.3125, 1.293 | 1.474 | 1 775. | 4% | 0.781 0.750 Diameter Bolt head dimensions and tolerances 
of T bolt? Threads Width across ; 
1 1.0000 | 134 1.5000] 1.479 | 1.686 | 2.031 14 | 0.893 | 0.858 D per inch? flats A Width across | Height H, 
114 1.1250 | 11%— 1.6875, 1.665 1.898 | 2.286 | 1 1.019 | 0.981 Solan corners nyaxiniurn 
114 1.2500] 1 3g 1.8750) 1.850 2.109 | 2.540 | 1 342 | 1.115 | 1.072 % 30 = 
116 1.5000 | 2 14 2.2500] 2.222 | 2.533 | 3.051 | 34, | 1.338 | 1.288 546 i8 ae O88 542 
13, 1.7506 | 2 56 2.6250 2.593 | 2.956 | 3.560 1145 | 1.560 | 1.508 3g 16 ie 716 
pe) Z , “A 
2 2.0000 3 —-3.0000| 2.964 | 3.379 | 4.070 | 1 56 . 8 1.238 346 
214 2.2500 | 3 34 3.3750) 3. 7a 1.591 1349 
2144 2.5000 | 3 34 3.7500) 3. ; 34 
23, 2.7500 | 4 4 4.1250] 4.078 | 4. , 1 . ce so 1165 
3 3.0000 | 4 14 4.5000 1% 7 : ce . 387 M6 
114 16 2.917 15/6 
= a 6 2% 3.536 1 %6 
' Tolerances for diameters of bolts or studs a . 7 : 
Eye Bolts.— This type of bolt is used for (National) Standard Screw Threads, Coarse ae ea oo aes 


thveud is desired the tolerances given in the Am an Standard Screw Threads for either of these classes 
gh 
eric; a rd 


rope, or cable for the purpose of lifting. Figure 103 is an e 
bolt, the proportions for which are given in Table 25. 
Cast-iron Washers.— Washers of this type are illustrated 


Fig. 104. The proportions are given with the drawing. The 


TaBLE 24.—T Stors 
All dimensions in inches. 


washers are used in structural work. Diameter icpem pet of Head oe ena and 
Turnbuckles.—Turnbuckles are used as a connection betwee one d Went "Width a, | Depth h, — 
the threaded ends of two rods. A right-hand thread is tapped i — = maximum seaeinatny 
one end of the turnbuckle, and a left-hand thread in the other bi a 6 %6 1564 
By rotating the turnbuckle the two rods are pulled toward eae 4g ie Ae a2 76a 
other, or pushed away from each other, depending upon t ‘4 %6 11,6 3145 a 
direction of rotation, Check nuts are used to prevent looseni * 81,4 
once the setting is made, %4 : 

Tho usual style of a turnbuckle is that shown in Fig. 105. i a 
is mado equal to the distance neroms corners of the nut, A is alwa if 1 34a 
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Fia. 103.—Eye bolt. Fia. 104.—Cast-iron washers. 


Taste 25.—Eyr Bours 











D | A | B | c | E | F | 
34 256 % | 1% 36 % 

uy 2% 1 2 Ke 4 1 

34 34 1% 2 % 346 1% 

34 314 1%e | 2% 546 14 
46 334 1WW6 | 21546 36 1% 

1 Ali 1% 34 He 14 


somewhat more than D, and B and C vary according to require- 
ments. HE depends upon the amount of necessary adjustment, 
Turnbuckles are frequently made of round or hexagonal stock, 
Examples of this design are given in Figs. 106 and 107. 

When making the turnbuckle of round stock, P should be at 
least equal to the distance across corners of the nut, and a flat 
should be milled on each end for the wrench. The distance @ in 
the hexagonal stock should also equal the distance across corners 
of the nut. 

American Standard Machine Screws.—Flat-head, round-head, 
oval-head, and fillister-head machine screws are very often neede 
for small work. In the American Standard they range in si 
from No. 2, which is 0,086 in, diameter, to ¢ in. which is 0.375 in 
diameter. ‘The threads per inch correspond to either the America 
National coarse series or the American National fine series. 
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The fillister-head machine screw is shown in Fig. 108. 


The 
proportions are: 


VU XUAN Ap, oor. esac sa yaeesnee cba Bias De htasg a a Aan 1.67D — 0.004 
Miaximunl 65 eis 3 zoo te Sed evsucie ee ale dicate citer whe 0.66D — 0.002 
Maximum: J 64 octs ey seca 5 45 haere hap bee eos 0.182D + 0.020 
Maximtinn 22 seis tehenarca aah too eae, wok foeetnd 0.44D — 0.001 
Maximum Flo 29 f cine ean tne gels peda flack oon 0.28D + 0.004 


3D zz 
| 1 


Fr.1. Thread 


rcla ne ———— | 
NWA NANA 


Ay AU 
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PY Nut ic x E+3D 
|x fF +24o—-| 


Fig. 105.—Common style of turnbuckle. 
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Fig. 106.—Round type of turnbuckle. 
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Fia. 107.—Hexagonal type of turnbuckle. 
‘The length of the screw and the length of the threaded portion are 
made to suit requirements. 


Figure 109 is a flat-head machine screw, the proportions of 
which are as follows: 


Maximum As oc0 hc e als cde oe Naka es le oe bes 2.04D — 0.003 
Maximum fo .5.favecinh oe 4 oa tise tdcae eet ak oa 0.619D — 0.002 
MAXIMUM. Jc tirade idee eis Noe ek ire oak wes 0.182D + 0.020 
IMBXUMUT 22 ais arse oh oe NA aes obo och ee ea 0.288D — 0.002 


Figure 110 is a round-head machine screw. 


The proportions 
of this type are: 


IMSRUUIN A is octets cba S eases 4 onde nan os 1.887D 
I MLEN UNS EN eS cc atte i a 0,636D + 0.015 
RT MUN NSP al tore a rons cule Jioeh 2.4.01 \iubadn nada aKa 0,182D + 0,020 


TN TS rok ee ace a dl ht cla al ty 0,862) + 0,017 


————————— << 
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Figure 111, an oval-head machine screw, has the following S| T~ ee es 
roportions: N <~ TR Y y J 
© Bicone ‘ee se se et 
LD 8 Ug 2/2) 





Fig. 113.—Application of cap screws. 





TABLE 26.—FILLISTER-HEAD Cap ScREWS 



















































D | A | H J T F | FH 
Nominal 
. ‘ : ; ; Total 
size Max. Head Height Width Depth Height heivht of 

diameter | diameter | of head of slot of slot of oval a d 
4 0.250 3g 1164 0.070 0.097 0.044 0.216 
546 0.3125 Yeo 1364 0.079 0.115 0.050 0.253 
3g |) 0.875 %e Yy 0.088 | 0.142 | 0.064 | 0.314 
Y% 0.4375 5g 19% 0.098 0.168 0.071 0.368 

_ -111.—Oval 16 % 164 
Fic. 108.—Fillister Fie. i oa Fia. ose Round ie ra % 0.500 34 24 0.110 0.188 0.084 0.412 
head. ead. fs 
American Standard Cap Screws.—Cap screws are very similar % 6 0.5625 134, 3g 0.123 0.214 0.091 0.466 
: hine screws, but are made in larger sizes, 5g 0.625 % 274 | 0.138 | 0.240 | 0.099 | 0.521 
in shape to the machine , 3, | 0.750 | 1 1 =| 0.154 | 0.283 | 0.112 | 0.612 
1g 0.875 1k 1939 0.173 0.334 0.126 0.720 
& 1 1.000 1 46 2166 0.194 0.372 0.146 0.802 
TasLe 27.—BuTTON-HEAD Cap SCREWS 
D A | H J T 
Nominal — 

size Max. Head Height Width Depth 

diameter diameter of head of slot of slot 

\4 250 Ye 0.191 0.070 0.117 

546 3125 46 0.246 0.079 0.151 

ag 3875 56 0.273 0.088 0.167 

46 4375 34 0.328 0.098 0.202 

(a) (0) = 

Fra. 112,—American Standard cap serews. (a) Fillister head, (b) Button head. (c¢) Flat \“ 0.500 18/6 0.355 0.110 0.219 

: ee head, (d) Hexagonal head, b % 4 0.5625 15 , 0.410 0,123 0.253 

ak 5 rl ‘ hy 0,625 0,488 0.188 0.270 

‘ a . They are intended to be 4 
ranging from }4 to $4 Im, In diameter y M4 0.780 0 Ba? 4 





0,154 887 


i through & 
d without nuts and are especially designed to pass 
eee holo in one part, and to serew into a threaded hole in the 





<< 
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TABLE 28.—FuaT-HBAD Cap ScrEWws 












































D A H J | T 
Nomi- Head diameter | Height of head | Width of slot | Depth of slot 
nal Max. 8 
size | diam- | Maxi- | Mini- Nousaal Maxi- | Mini- | Maxi- | Mini- 
eter mum | mum oe mum | mum | mum | mum 
y% |0.250| 1% | 0.477 0.146 0.070 | 0.058 | 0.073 | 0.053 
&%_ | 0.3125] 56 | 0.598 0.183 0.079 | 0.065 | 0.091 | 0.066 
3g | 0.375 | 34 | 0.719 0.220 0.088 | 0.074 | 0.110 | 0.070 
1% | 0.4375] 1346 | 0.780 0.220 0.098 | 0.083 | 0.110 | 0.075 
w% |0.500| % | 0.841 0.220 0.110 | 0.094 | 0.110 | 0.980 
9% | 0.5625| 1 0.962 0.256 0.123 | 0.106 | 0.128 | 0.083 
5g | 0.625 | 1 3¢ | 1.088 0.293 0.138 | 0.119 | 0.146 | 0.096 
34 | 0.750 | 1 3g | 1.326 0.366 0.154 | 0.134 | 0.183 | 0.123 


TABLE 29.—FINISHED HEXAGONAL Car Screw Heaps 








Diameter of screw Width across Minimum width Height, 
D flats across corners nominal 
M Ye 0.488 346 
“6 4 0.557 1564 
3g 46 0.628 %e 
“eo 8 0.698 . Ma 
% 34 0.840 38 
6 1346 0.910 Vea 
% % 0.980 1549 
34 1 1.121 Ne 
1g 1% 1.261 2140 

1 146 1.473 34 
1% 1% 1.684 2482 
1% 11l(¢ 1.896 1546 





mating part. Figure 112 shows the fillister-head, button-head, 
flat-head, and hexagonal-head cap 
screws, respectively. The propor- 
tions are given in Tables 26, 27, 28, 
and 29, respectively. The American 
National coarse or the American 
National fine series is used for the 
threads. Figure 113 shows various 
types of cap screws assembled. 
American Standard Wood 
Screws. Ilat-head, oval-head, and round-head wood screws are 
the type most commonly used, Figures 114, 115, and 116 show 


Fra, 114.—Flat-head wood screw, 








FASTENINGS 111 


these three types, and the proportions are given in formulas which 
follow. 


Flat-head wood screws: 


Maximum A.........cscee cee ce cent eeeenee 2.04D — 0.003 
Maximum H..... 0... cece eee ee eee 0.619D — 0.002 
Maximum J... 1... ccc eee ce teen eee eeees 0.182D + 0.020 
Maximum 7... 1.1... cece ce eee cece reece 0.288D — 0.002 
Oval-head wood screws: 
Maximum A... 2... csc cece cere eect ere eee 2.04D — 0.003 
Maximum H...... 2... cece eee teeters 0.619D — 0.002 
Maximum J...... 6. eee cee cee centre ees 0.182D + 0.020 
Maximum 1... ccs cece eee ec eee ene eees 0.556D — 0.003 
Maximum F........... 0002s eee eee ve a ttetes 0.304D + 0.003 
Round-head wood screws: 
Maximum A..... 02. eee cece eee eee ences 1.887D 
Maximum H......... 0. cece 0.636D + 0.015 
Maximum: Js .s¢s00se ese oe eek aa eed ee ae 0.182D + 0.020 
Maximum 20 oe 6 sie ders eae s teen eee ene en 0.362D + 0.017 


The threads of wood screws are of a special form, and do not 
follow any fixed standard, as they are intended to cut their own 





Fra. 115.—Oval-head wood screw. 


Fiq. 116.—Round-head wood screw. 


way into the wood or other soft material, rather than have a hole 
tapped for their reception. 

American Standard Rivets.—Flat-head, countersunk-head, 
button-head, and pan-head rivets are shown in Figs. 117, 118, 
119, and 120 respectively. The proportions are as given below: 


Flat-head rivets: 





Fria, 117.-Flat- 
head rivet, 
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Countersunk-head rivets: 


BA ns Oe Senay eh stab athe do Cacene RG w aS TRIED AS RED SE tod 1.85D 
DT og cpcg sinter Bevin oa bs 8k Sis ew Sie CE ES Oe CRORES 0.425D 
Fig. 118.—Coun- 
tersunk-head rivet. 
a 
zg) : 
Button-head rivets: : 
y. ee rr ere er re er orc 1.75D 
FD ole beth ee Mere Saiwae 8a COVER TERCERA eo 0.75D <i 
Fools aA REE EEA MAES FREES, Cie HHS 0.885D | 


Fig. 119.—Button- 
head rivet. 





Fra. 120.—Pan- 
head rivet. 


The sizes range from 345 to 7/¢ in. in diameter. The length 
is measured from under the head and is as ordered. 

Set Screws.—These screws are used principally to fasten 
rotating members to shafts, and are usually square head or head- 


Ow 


Wrench for Screw 





Fria, 121,—Set screws. 


less. The distance across flats and the height of head are equal to 
the diameter of the screw. ‘Table 30 gives proportions. 

Figure 121 shows several forms of set screws. A is a square- 
hoad serew with the body threaded close to the head, while B is the 
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TasLe 30.—AMERICAN STanpARD Set Screw Heaps 
















Di t Width across flats Height 
a E Mini | Nomi- | Maxi- | Mini- 
Maximum mum nal | mum mum 
4 0.2500 4 0.2500 0.241 346 0.197 0.179 
46 0.3125 46 0.3125 0.302 1564 0.245 0.224 
3g 0.3750 3g 0.3750 0.362 %e 0.293 0.270 
“Ye 0.4875 Ke 0.4875 0.423 2164 0.341 0.315 
4 0.5000 4% 0.5000 0.484 3¢ 0.389 0.361 
Ne 0.5625 Ne 0.5625 0.545 2164 0.437 0.407 
54 0.6250 5g 0.6250 0.607 1545 0.485 0.452 
34 0.7500 34 0.7500 0.729 6 0.582 0.544 
1 0.8750 4 0.8750 0.852 2185 0.678 0.635 
1 1.0000 1 1.0000 0.974 34 0.774 0.726 
1 1.1250 11 1.1250 1.097 27189 0.870 0.817 
14% 1.2500 \Y 1.2500 | 1.219 154, | 0.967 | 0.909 
1% 1.5000 14 1.5000 1.464 1 1g 1.159 1.091 











‘ 


same screw “necked” under the head. C is an ‘“‘across corner’’ 
view of B. A plain headless set screw is shown at D and a socket 
set screw at E. F is a square-head set screw with a head one-half 
the regular height. 

Several kinds of points are used on set screws, and these are 
shown in Fig. 122. The various types of heads and points may be 


used in any combination. 
D0G PIVOT HANGER CONE CUP 


FLAT FOUND 
Fic. 122.—Set-screw points. 


8 


“er NY 
LW NGS 


Square and Flat Keys.—These fastenings are used to prevent 
relative rotative motion between a shaft and the member mounted 
upon it. The end dimensions of these keys are given in Table 31. 
The length of the key is made according to requirements. 

The Woodruff Key.—This key is shown in Fig. 123, and 
dimensions are given in Table 32. One or more keys may be used 
for a single part as required, 





Fic. 123.— Woodruff keys. 
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TaBLE 31.—DIMENSIONS OF SquaRE AND Fiat Keys 
—| W L el > Ww TABLE 32.—Wooprurr Key anp Key-stot DIMENsIoNns* 
ft —- ——- \ All dimensions in inches 
lb = Se te eee, eee 
4 YY Key | Nominal Veen eu a e Distance |___Y "* 
3 . el 
Mi} Uy Y Li all key size bie of of re aru Maximum|Maximum 
p 4 y center 5 
VFX V/A Wi ber key width depth 
AXB A B Cc | D E Ww h 
i D 204 | 146 X %| 0.0635 | 0.500 |0.203/0.194) 364 0.0630 | 0.1718 
Shaft Square Flat Shaft Square Flat 304 | 345 X 14) 0.0948 | 0.500 |0.203|0.194 344 0.0943 | 0.1561 
diameters keys keys diameters keys keys 305 | 349 X 5¢| 0.0948 | 0.625 |0.250/0.240} Me 0.0943 | 0.2031 
D, inches | W, inches |W X h, inches| D, inches W, inches |W X h, inches 
404} 1 xX %| 0.1260] 0.500 |0.203/0.194) 364 0.1255 | 0.1405 
4% Mg ge X 342 2 3% 3% 5a X Ke 405 | 4 X 36} 0.1260 | 0.625 |0.250/0.240) He 0.1255 | 0.1875 
%e Mg lg X 342 246 % 5g X He 406 | 1% xX 34| 0.1260] 0.750 |0.313/0.303} He 0.1255 | 0.2505 
% 346 36 X 2% 58 5g xX He 
Me eo %6 X 2% % 56 X Ke 505 | 54, X 36] 0.1573 | 0.625 |0.250|0.240| 6 0.1568 | 0.1719 
34 346 346 xX 2 34 5% 56 X Ke 506 | 549 X 34| 0.1573 | 0.750 |0.313/0.303) 6 0.1568 | 0.2349 
507 | 549 X %| 0.1573 | 0.875 |0.375|0.365, 146 0.1568 | 0.2969 
1346 6 346 Xb 2% 34 34x 
% He 346 X 21546 34 34x 606 | 3{— X 34| 0.1885 | 0.750 |0.313|0.303} 6 0.1880 | 0.2193 
1546 M4 yx %e 3 34 3x 607 | 3%_ X 7%} 0.1885 | 0.875 |0.375|0.365 46 0.1880 | 0.2813 
1 4 4X Me 3 34 %xX 608 | 346 X1 0.1885 | 1.000 |0.438/0.428} Me 0.1880 | 0.3443 
1 Ye % 4 xX 46 314 34 34x 609 | 346 X 116] 0.1885 | 1.125 |0.484/0.475, 564 0.1880 | 0.3903 
1% 4 4 X He 3 38 18 14x % 407 | 14 xX 7%] 0.2510 | 0.875 |0.375)0.365) Me 0.2505 | 0.2500 
1 3%6 4 44 X Ke 3 Me % 4x % s08 | 14 X1 0.2510 | 1.000 |0.438/0.428} Me 0.2505 | 0.3130 
1% M eX Me 3% 1% 4gxX % 409 | 144 1%] 0.2510 | 1.125 |0.484)0.475, 964 0.2505 | 0.3590 
1 46 3g 3g xX 4 3 56 1 xX % 810 | 144 X14} 0.2510 | 1.250 |0.547/0.537| 564 0.2505 | 0.4220 
1 34 3¢ 3g X44 3 34 % 4x % gin} 14 Xx 136} 0.2510 | 1.875 |0.594/0.584) 342 0.2505 | 0.4690 
si2| 14 1%] 0.2510} 1.500 |0.641/0.631) Ya 0.2505 | 0.5160 
1 Ke 38 3§ XM 3 1% 1 1 xX %4 
1% 38 3% XM 31346 1 1 xX % 1008 | 545 X 1 0.3135 | 1.000 |0.438/0.428) Me 0.3130 | 0.2818 
1 %6 38 3 xXx 4 1 L hoo 1009 | 544 X 146} 0.3135 | 1.125 |0.484/0.475) 64 0.3130 | 0.3278 
1 5g 38 33 XM 4% 1 1 x % 1010 | 546 X 114) 0.31385 | 1.250 |0.547/0.537| 364 0.3130 | 0.3908 
lize 36 3g KY 4 Ke 1 1x %&% 1OlL | 5¢— X 136) 0.31385 | 1.375 |0.594/0.584) 340 0.3130 | 0.4378 
1012 | 546 X 144] 0.3135 | 1.500 |0.641/0.631] 764 0.3130 | 0.4848 
1 34 3g 3g xX 4 4% 1 x 34 
1136 4% wy xX 3% 4 34 114 14x % 210 | 8¢ 114} 0.3760 | 1.250 |0.547/0.537| 564 0.3755 | 0.3595 
1% le wy x 3% 41546 14 14x % wit | 8 x 13¢| 0.3760 | 1.375 |0.594/0.584) 342 0.3755 | 0.4065 
11546 Mg We X 38 5 1%4 is x 4 212 | 8¢ x 144) 0.3760 | 1.500 |0.641/0.631] Yea 0.3755 | 0.4535 
1% ly } - 
2 4 % e % : oe " - 1” A ns ' From A.8.A. B 17f, 1930. 
* Key numbers indicat nomi i i k igits give the nominal diameter 
2 Yeo 4 “4 Xx 3g 5 Ke 1% 1M x % GU) in Berke ot au tuck ae i ee ee ee el width (A) x Hae. 
2 4 wy xX 46 5% 1% %~x K weoonds of aninch, ‘Thus, 204 indicates a key 342 by 46 or 46 by }4 in.; 1210 indicates a key 1342 hy 
2% lg Wy x 4 5% 1% 14% &X 404 or 3¢ by 14 in. 
2 \y Wy x Ms 51O( 6 IMy 14 X 
9 iy “wx Me 6 Ly lly &X 




















———————————— 
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Wing Nuts.—These nuts are designed to be set up by hand. 
Figure 126 shows such a nut, and Table 35 gives good proportions 


TasBLe 33.—SprRING CoTTERS 



























Number of wire gage....... 13 12 11 9 8 7 6 for their design. 

Diameter, inches..........- 3e Yea 48 %a 542 1héa 346 1364 

Li ths, inches........++++ to 2 to 2 |14 to 244/14 to 2 to 244 to 2 34 to 3 | 34 to3 

engths, inches 34 to 2| 34 to2|}4 to 2)4|34 to 2)4))4 to 234/24 to 273) 24 “4 TasLe 35.—DIMENSIONS oF Winc or Tuums Nuts 
—=— —s — 

D | F | E | B | G | A | C 

Number of wire gage......- 5 4 1 34 5Z 1Z 34 
ig TZ. 1 

Diameter, inches..........- Ya 44 546 38 Ke 44g 58 ol ae t i ’s 78 716 8 

Lengths, inches.........+-- 1to3 | 1to4 | 1t04 | 134 t04| 134 to5| 2to6 | 3to6 ‘4 34 1 3 1%0 % 1349 30 
46 34 1 3 1449 4 1489 2 

Regular lengths vary by 34 in. up to 4 in. and by lin. from 4to6in. Lengths are measured under 36 1346 11 Me 1% 6 5g 580 

the eye. “6 1% 2 2330 58 hie 346 

le 1 Me 2% 136 1376 








Spring Cotter Pins.—Many uses are found for spring cotte 
pins of the type shown in Fig. 124. Table 33 gives dimensions fo 
these pins. 


= +—_—_—z———~} 


a ! | 
Q 2 
Fig. 124.—Cotter pin. Fig. 125.—Taper pin. 


Taper Pins.—These pins are made as shown in Fig. 125. The 
taper is usually }4 in. per foot on the diameter. Parts fastene 
with taper pins are secured against both lateral and rotatiy 
motion relative to the shaft (see Table 34). 


TABLE 34.—DIMENSIONS OF STANDARD TAPER PINs 












Length of 


Diam. 































at large Approx. |  jongest 
Be No. of end of fractional pin of 
taper : size at a 
th 
2 Mii—<e pin a large a ? 
Taper, 14 in. per foot e end of pin Fig. 127.—Thumb screw. 
Thumb Screws.—A hand fastening is sometimes desirable and 
Diam. | Approx. | Length of} 1 | 0.172 ] (huinb serews are used for this purpose. Figure 127 is such a 
No. of | at large | fractional | longest 2 0.193 346 acrew. Table 36 bai sneinal di : 
taper | cadok | sine at ninco el op oe W. contains principal dimensions. 
pin pin large this size 4 0.250 ». 134 
: aidier pik : 5 0 280 1% 4 Taste 36.—SHouLpER THuMB SCREWS 
6 | 0.341 1149 D | C A B 
000000 | 0.0715 Bé4 5g 7 0.409 1399 ‘ 
00000 | 0,092 an 5¢ 8 | 0.492 % 
0000 | 0,108 Va 4 9 0,591 19% 4 
000 | 0,125 lg M4 10 249 
oo | 0.147 %4 
0 | 0,166 by 
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Locking Nuts.—A great many methods have been employed to 
prevent nuts loosening under vibration. The most common kinds 
are those shown at A, B, C, and D in Fig. 128. A is a regular nut 


[oe 
Cy) 





Fic. 128.—Methods of locking nuts. 


with a locknut on top of it; B is a regular nut with a spring cotte 
pin preventing it from backing off. C is a regular nut under whie 
is placed a spring washer, the reaction of which tends to keep th 
nut from loosening when once i 
has been tightened. D is a castel 
lated nut having slots in the to 
through which a spring cotter pi 
passes as it is driven into a holei 
the shaft. Figure 129 shows 
ring nut and its check screw. 

Self-locking Thread.—T 
. Dardelet screw thread shown i 
Fig. 130 is self-locking by reaso 
of the tapered crest B of the nm 
thread coming into contact wi 
the tapered root A of the screw thread. The angle of these tape 
is about 6 deg. This type of thread is especially useful where sho 
or vibration is encountered. 

Until the nut is seated against a resisting surface, these tape 
thread faces are at their minimum diameters with respect to em 
other, as shown in the unlocked position, and the nut can be turn 
with the fingers, 





Fig. 129.—Ring nut. 
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When the nut is seated against a resisting surface and can no 
'onger travel along the screw, a turn of the wrench forces the 
iapered face B of the nut thread along the corresponding tapered 
face A of the screw thread with a turning, wedging action, until 
the abutment sides C and D meet as shown in the locked ‘nscition 











UNLOCKED 
Fia. 136.—Dardelet threadlock. 


LOCHED 
(Courtesy of Dardelet Threadlock Corporation.) 


Straight Pins.—These pins are used ‘or fastenings that do not 
require a taper pin. They are also used widely as | i i 
ote. (see Fig. 131). eter 

Draw Bolts.—These bolts (Fig. 132) hold by friction between 
ihe shaft and the circular cut in the bolt. They should not be 


used where a positive fastening is necessary, but there are many 
j)laces where they are useful. 


ee CT par 






lia. 181.—Straight pin. Fia. 132.—Draw bolt. Fig. 1323.—Plain washer. 


Plain Washers.— Figure 133 is a plain washer. Table 37 shows 
proportions, 

The Stud Bolt.—This bolt has no head but is threaded on each 
ond, It is first screwed tightly into that part which is threaded to 
receive it; the part to be assembled is then placed over the stud 
bolt and a nut used on the projecting end to bind the parts together 

With this type of bolt it is only necessary to remove the nut, the 














————————— 
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RS 
TaBLE 37.—DIMENSIONS OF Wrovucut Iron AND STEEL WasHE 


















Tapped Holes.—Breakage of taps is often caused by tapping a 





























ria ° hole in such a manner that half of the tap comes clear through 
1CK- . ; H 
i TrOXx1- : 
ae proxi- | Outside| Size of | ness, Pail and the other half remains in the metal, as at point E in sketch A, 
‘ Outside| Size of | ness, | J ate | Size of |. ro ae 
Rize of diam hole, | U.S.8.) .,. bolt diam., ole, thick ; 
boty | 3 ghee | he late thick- | bolt, | j,ches | inches | plate neil fr a 
ecahink inches | inches | p ness, | inches gage | not, L a 4 
ae: WEEN 
A D A D ; Se GY 
[—-— } 
4 %6 uM 18 40 7 at by a UD ZY 
1 4 4 == ES 
M4 34 He 16 Ye 8 ie 3 sa ES Us 
1 3 16 Yo 1% 3 é ps = 
“16 “ se 14 | Sa | 1% | 3% | 134 8 ¥6a y e OY 
4 14 % 14 56a 1% 3% 176 - 764 Y] Uj J 
6 136 %e 12 Ya 15 334 1% : ae Y) U; 
%e 1% % 12 Ya 134 .: ue an YG Uj | 
56 134 M6 10 %a 1% 414 ; : a | 
94 2 1346 10 %a 2 4% 248 64 
% 2% 1546 9 540 


A G 











Fig. 135.—Improper and proper tappng methods. 


bolt remaining in the part. At A in Fig. 134 is shown a stud -_ 
These bolts are used to fasten the cylinder heads of automo 7 
and for similar work where the screws are likely to rust into the 
part. 


ig. 135. It is better to position the screw as shown at B, or, if it 
is desired that the screw should not come through, it can be 


designed as at C. 
COMMON APPLICATIONS OF FASTENINGS 


Applications of the Set Screw.—A simple method of applying 
i. set screw is illustrated in Fig. 136. In this case the shaft is 





i simply turned to a slightly smaller diameter where the set screw is 
des to bear. This is done for the reason that when a set screw is set 
CWE 


up tight it forms a burr on the shaft, and this burr makes it 
difficult to get the set screwed member off the shaft when it is 
desired to do so. 

Another way of providing a seat for a set screw is to mill a 
wlight flat on the shaft. This is a more secure method than 
necking the shaft, and it also takes care of the burr. Figure 137 
shows this application. When set screws are used to fasten a 
lover, cam, or similar part to a shaft more than one screw is some- 
limes necessary. In Fig. 188 two screws are used against flats on 
(he shaft. 

The cone-point set screw is sometimes used to insure a part 
against both rotative and axial motion relative to the shaft. 
igure 139 is such an application. 

The cone-point set screw is also used to hold a part firmly 
against a shoulder or collar on a shaft. This can be seen in Fig. 
140 where the conical spot in the shaft is slightly larger at the 


Fia. 134.—Three common bolt types. A, stud; B, tap bolt; C, through bolt. 


The Tap Bolt.—This type is shown at B in Fig. 134. It is used 
extensively where it is either undesirable or impractical to use 
h bolt or a stud bolt. a ; 
pr Through Bolt.— Whenever possible it 18 advisable to Use | 
through bolt as it requires but a simple drilling operation in a 
of the parts to be fastened together. ‘This is shown at C in 
134, 
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base than the diameter of the 


screw. The set screw tends to 
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A hanger-screw application is given in Fig. 142. The screws 


force the shaft to the right, whi 


taining it to : . 
cron ee ee oulder of the shaft and the part which carries 


joint between the shoul 
the set screw. 











Fic. 136.—Necking shaft to provide 
seat for set screw. 





Fia. 139,—Cone-point 
set-screw application. 


Figure 141 is an application of the dog-point screw. 7 
is spotted at intervals to receive the dog point of the screw, & 
chock nut is used on the screw to insure its remaining 1 


posibion set, 


le the shaft tends to force the set 


permit a horizontal adjustment, while the vertical adjustment is 


the left, resulting in 8 tight secured by moving the yoke bracket up or down on its stem S. 





Fic. 141.—Dog-point application. 


Application of the Straight Pin.— When a part is on the end of a 
shaft a straight pin may be driven in between the shaft and the 
[ ] hole in the part. This fastening is illustrated in Fig. 143. 
= Another application of the straight pin is given in Fig. 144. 
In this case a member A is rotating freely over a shaft B and it is 
desired to hold part A on the shaft by means of a washer C and a 


Fig. 137.—Set-screw seat provided by 


flatting shaft. 












a 
ae 


QE 


WSS 








¥ 1a. 140,-Cone point used as 
forcing agent. 


Fig. 142.—Hanger-point application. 


screw D. A pin F is driven into the washer C, and fits freely into 
« hole in the end of shaft B. This pin prevents the washer C from 


turning about the screw D because of friction between the washer 
and part A, 
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one part accurately intr 


The hole in the shaft and the hole in 
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Straight pins are also used very extensively as dowels to locate 


elation to another. ok 
Pins.—This fastening is shown in Fig. 145. 


Application of Taper the hub are each rough- 











Fic. 144.—Straight pin used 
as washer lock. J 


Ch U4 p 
Le 


SS 
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Fic. 146.—Common uses of binding screws. 
and finish-taper-reamed when 
kind prevents relative rotative 
t between the part and 


taper-reamed before assembling 
assembled. A fastening of this 
movement and relative lateral movemen 
i. jet of Binding Screws.-Figure 146, I, is ioe ‘a 
il of clamping a part to a shaft, The hub is designe 
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take binding screw G and has a saw cut J which permits the 
clamping to take effect when the screw is tightened. Figure 146, 
III, is the same type except that the saw cut is carried through to 
the other side of the hole as shown at H. This makes the upper 
and lower half of the hub more flexible and easier to clamp to the 
shaft. In both figures the part is held to the shaft by friction only. 

When a more positive clamp is required, the hub and shaft are 
keyed on one side in addition to the clamp. Figure 146, I, is of 
this construction. In all these cases the dimension S should be 
about }46 in. to insure good binding and economy of material. 

Application of the Draw Bolt.—This bolt holds by friction only. 
A circular cut is made in the unthreaded portion of the bolt, the 








Cc 
Section G-G 
Fia. 147.—Friction-type draw bolt. 


radius of which is slightly larger than the radius of the shaft. 
‘The draw bolt is placed in position, and the shaft is then assembled 
in the hole. A nut is used on the threaded end of the draw bolt 
(o pull it tightly against the side of the shaft (see Fig. 147). 

Application of Positive Draw Bolt.—A detail of this bolt is 
shown in Fig. 148. The bolt is made from a piece of round stock. 
It first has the threaded portion turned down concentric with the 
large portion, and the large portion is then milled on one side at an 
‘ngle of approximately 3 deg. with the axis. The shaft itself has a 
‘lat portion milled on it against which the flat of the bolt bears. 
‘The hole in the hub of the lever is simply two round holes con- 
centric with each other, one of the same diameter as the large 
part of the draw bolt, and one slightly larger in diameter than 
the threaded portion of the draw bolt. Setting up the nut on the 
outside of the lever pulls the bolt up tightly against the flat on the 








126 MACHINE DRAWING 


ahatk and makes a very secure fastening. Points A and B on 
ithe shaft should be slightly rounded so that any burrs made by the 
draw bolt will not prevent ready disassembly. 
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DETA/L OF BOLT. 


Fig. 148.—Positive-type draw bolt. 





Fig. 149.—Clamped key. 


Application of the Clamp 
in sania as shown in Fig. 149. The corners of the keys 


liberally flattened off so that when the screws are tightened, t 
key will be permitted to crowd down toward the bottom of t 


koyway. 


ed Key.—Keys are sometimes placed 
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Application of the Spring Cotter Pin.—Figure 150 shows a 
lever fulerum pin held in by spring cotter pins. Two plain 
washers W are interposed between the hubs of the bracket and the 
cotter pins C. 





Fig. 150.—Cotter-pin application. 


Application of Rivets.—Rivets are used chiefly for fastening 
together steel sheets, etc. Boilers, bridges, ships, and buildings 
are examples of work where rivets are used in large quantities. 
Figure 151 shows two applications of the use of rivets. These 
are permanent fastenings, and are applied by heading over the 





A 


(1a. 151.—Rivet applications. A, rivet fastened structural shapes; B, single riveted 
double-strap butt joint. 


shank, or body, of the rivet after it has been inserted into the 
punched or drilled holes of the mating parts. Figure 152 shows a 
rivet before and after heading. A is the rivet before being headed 
over in the work, and B is the completed fastening. 
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The Application of Keys.—The two keys most commonly used 
are those at A and at B in Fig. 153. A is the common square key, 
and B is the sunk key. The keyway for A is cut with a plain 
milling cutter, while that for B is cut with an end mill. Both 
keys are tight in the shaft and also tight in the part they fasten 
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Fia. 152. Fia. 153.—Plain- and round-end keys. 


to the shaft, unless axial motion is required between the shaft and 
the part mounted upon it. 

R in sketch A represents the radius of the milling cutter and D 
in sketch B represents the diameter of the end mill. 

A feather key is illustrated in Fig. 154. This key is used when 
it is desired to slide a hub along ashaft. The key is fast in the hub, 
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Fra. 154.—Feather key. Fia. 155.—Woodruff-key application, 


and slides freely in the keyway B. Heads A on the key insure its 
position laterally in the hub. 

Figure 155 is a Woodruff key, applied to a taper-end shaft. 
This application is suitable for hand wheels and like constructions, 
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A gib-head key (Fig. 156) has a taper of 1 in. per foot on the 
hub side. The key is so designed that the head A is an appreciable 
distance from the hub, thus leaving a space B between key and hub. 
Into this space a tapered drift pin may be driven to back the key 
out of the hub. 
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Fia. 156.—Gib. Fia. 157.—Cotter application. 


Application of the Flat Cotter. These cotters are flat, wedge- 
shaped pins used to fasten together reciprocating or fixed members. 
They are not intended to drive rotating shafts. Figure 157 is a 
plain assembly of a cotter joint, and Fig. 158 is the gib-type 
assembly. These joints are readily assembled, and disassembled, 
and upon reassembling they return to exactly their original 
position. 

Application of Fulcrum Studs.—Two types of fulcrum studs 
are given in Fig. 159. A shoulders against one side of the yoked 
member and has a flat f, to which a wrench is applied while the 
nut is being tightened. B shoulders at the same point, but is 
screwed into the yoked member instead of being clamped to it by 
means of a nut. Figure 160 serves the same purpose as do studs 
A and B, but it is merely a plain-headed pin with a washer and 
cotter pin at the other end. 

Application of the Thumb Screw.—One way of using the 
thumb screw is pictured in Fig. 161. A single turn of the thumb 
screw permits the cover A to be turned back to open the container 
B, 

Application of the Wing Nut.—A hinged cover may be fastened 
and unfastened by an application of the wing nut, such as shown in 
ig. 162. The nut is threaded to the end of rod A which is 
fulerumed on pin B. By loosening the nut a few turns, the rod 
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Fia. 163.—Keyed washer. 





Thumbeserew appheation, 


Pro, 160,.—Plain fulerum pin, Bia, 161, 
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and nut may be swung downward out of slot S, and the cover C 
can then be raised. 

The Keyed Washer.—Washers are often made with a key 
milled on the bearing surface. Figure 163 shows a wheel mounting 
utilizing this type of washer to insure against its turning on the 
shaft due to vibration. 

The bearing surface of the washer C is milled so as to leave a 
key K onit. This key fits into a key slot S milled in the end of the 
shaft. 











CHAPTER VII 


BEARINGS 


Bearings are used where there is relative motion between two members 
of a machine. That member which supports the moving member is called 
the bearing, and that portion of the shaft which is within the bearing is 
called the journal. The types most often used are journal bearings (plain 
and cap), ball bearings, and roller bearings. These types are used for both 
radial and thrust loads. 


Journal Bearings.—These bearings are made solid when the 
speed and pressure are moderate, that is, when little wear is antici- 
pated. A bearing of this kind is illustrated in Fig. 163A. The 
casting has a straight-reamed hole and the class of fit is determined 
by the nature of the work the machine is to do. 
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Fic. 163A.—Plain journal bearing. 


A thin film of oil separates the shaft from the bearing, the 
shaft rotates on this oil film, and metal-to-metal contact between 
the shaft and its bearing is thereby avoided. 

The simplest method of lubrication is a plain drilled hole C 
with a countersink B and an oil groove D (Fig.163A). Thecounter- 
sink at the top is for the purpose of guiding the nozzle of the oil 
can into the hole C. The groove D should be closed at the ends as 
shown, and not run clear across the bearing; this prevents the oil 
from escaping from the bearing too quickly. The oil groove is 
sometimes omitted on bearings doing little work. 

188 











—————— 


134 MACHINE DRAWING 


A cross section through the oil groove is shown in Fig. 164. 
The edges are rounded at A to allow the oil to enter between the 
shaft and the bearing in the form of a thin wedge-shaped film. 

In Fig. 163A the diameter of the hub F is usually made twice 
the diameter of the shaft d if the bearing is of cast iron. In a 
bearing made of stronger material the diameter /’ may be less. 
There is no fixed rule for this dimen- 
sion as it is governed solely by the 
strength of the material, and the 
load imposed upon it. The length 
L is controlled by the same 
considerations. 

The projected area of a bearing 
is the cylindrical area of a bearing 
projected on a plane passing 
through the axis of the shaft. Ii d 
is the diameter of the shaft and L 
the length of the bearing, the pro- 
jected area is dL. Suppose a 
bearing to have a 2-in. bore and 
to be 6 in. long, the projected area would then be 6 by 2 in, 
or 12 sq. in. If the bearing carried a total load of 9,600 lb., there 
would be 800 lb. pressure on each square inch of the projected area 





Fig. 164.—Section showing oil groove. 
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Fic. 165.—Bushed cap bearing. 


of the bearing. This is called the unit pressure or pressure per 
square inch. 

Experience has taught that a certain pressure per square inch, 
for a given class of work and a given material, should not be 
exceeded. Values for these may be found in any reliable handbook, 

Cap bearings are used to facilitate the assembling and dite 
assembling of the various machine parts. The larger sizes are 
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usually lined with brass or babbitt in both the bearing and the 
cap, but bearings doing little work are made without bushings 
Figure 165 shows a bushed cap bearing and Fig. 166 shows a Aisin 
cap bearing. These bearings sometimes have “liners,” or thin 
strips of soft metal between cap and bearing. The ‘ines are 


removed one at a time as wear progresses, thus allowing the 
bushings to close up around the shaft. 








Via. 166.—Plain cap bearing. 


When the bearing is lined with babbitt the metal is poured 
«round a mandrel mounted in the bearing itself, the mandrel bein 
somewhat smaller than the shaft to be used in the machine so hat 
it will produce a hole small enough to bore out to size. 


An average ae ere t for brasses and babbitt metal is given 
1.5 
by the formula ¢ = —p? where d is the diameter of the shaft. 


See Fig. 167 which also shows a method of anchoring the babbitt 





Fic. 167.— Method of ‘‘anchoring”’ babbitt. 


> ar TT i 
to the bearing. The pressure in a cap bearing should not come on 


ihe cap or on the line of parting between the bearing and the cap 

Ball bearings are used where it is desired to reduce friction to f 
minimum and where space is to be economized. The modern ball 
hearing is a precise product and it is essential that a high grade of 


workmanship be employed in the manufacture of the housing and 
all parts supported by the bearings, 
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There are some fundamental considerations in the design of a 
ball-bearing installation that should be carefully observed. In 
calling attention to these points of design, reference will be made to 
Fig. 168 which is a radial thrust bearing installation. 


Points of Design.—1. The housing P should be finished inside on every 
surface so that no moulding sand can get into the oil and be carried into the 
bearing. Surface R could be left unfinished were it not for this sand menace. 

2. The spindle J should be semifinished, stored for about a month to season 


and then carefully ground to size. 
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Fic. 168.—Radial thrust bearing installation. 


es A and C should be a light press fit on the spindle to 


i ball r 
3. The inner ball rac A hard fit must 


insure concentricity between the shaft and the inner races. 


be avoided. 
4. The outer ball races B and D should be a very close fit in the housing 


but not close enough to prevent the race from creeping. This rotative creeping 


distributes the load on the balls. 
5. The end cap G should be so designed that it will not bind the outer race 
but it should be as close to it as possible and so prevent endwise motion of the 
spindle. 
6. The spanner nuts F and F 
ample shoulders on the spindle. 


should clamp the inner races firmly against 
No special hand of thread is necessary, but 


the thread should be of a fine pitch. A right-hand thread is usually used. 
7. The outer ball race D is left to “float”? endwise. This is done to provide 


for the expansion of the spindle due to the heat generated. 
8. The driving pulley 7 should be mounted as near the housing as possible, 


This minimizes vibration, 
, Tho belt Q should be endless if the speod is very high, otherwise the 


balance of the apindle will be disturbed, 
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10. The belt should not be tighter than is necessary to keep the spindle up 
to the required speed, as this would impose an additional load on the bearings. 

11. The bearings must be securely inclosed to exclude all dust and grit. 
Felts are sometimes used for this purpose, although they should not be used if 
the speed is very high, as in such instances the felts become charred by the fric- 
tion. Figure 168 shows, at N, the type of groove most suitable for high speeds. 

12. It is understood that, as a matter of course, the load should be borne 
by the balls alone; therefore cap G should not come into contact with the hub 
of the pulley Z, and cap H should not come into contact with the spindle J. 
If felts are used as oil seals, as at V in Fig. 173, they may bear lightly on the 
spindle or pulley hub. The clearance between the caps and rotating parts 
should not exceed 164 in. 

13. The assembled spindle (pulley, bearings, locknuts, etc.) should be well 
balanced. / 

14. All ball bearings should be lubricated. For speeds up to about 5,000 
r.p.m. a good grade of grease is usually satisfactory. For speeds of from 5,000 to 
6,000 r.p.m., a good mineral oil in a reservoir with the oil reaching up to the 
center of the bottom ball has been used with success. For speeds above 6,000 
the lubricant should be oil very sparingly used; a thin film covering the balls 
and supplied by a drop-feed or a wick-feed oiler, is good design. 

At high speeds the oil in a reservoir is churned so violently that it vaporizes, 
and this intense agitation creates internal friction in the oil itself, thus causing 
a great deal of heat. Excessive lubrication is therefore very detrimental in 
high-speed ball-bearing design. 

15. The bearings should be so designed that they can be readily assembled 
and disassembled. 


Vertical Mountings.—For vertical shafts, oiling devices similar 
to that shown in Fig. 169 are used. The oil flinger A, in the reservoir 
at the bottom, forces the oil up through the pipe B and discharges 
it over the top bearing, whence it drains back on to the bottom 
bearing and into the reservoir again. This means of lubricating a 
vertical spindle cannot be used if the speeds are low, as it is the 
speed of the flinger that forces the oil upward in pipe B. 

Sizes and Speeds.— When speeds become very high, say 10,000 
r.p.m. and above, the smallest diameter of bearing possible for the 
load to be carried should be chosen. This is principally on account 
of the ball retainer which is almost always the first member to fail 
when the speeds become so high that excessive centrifugal force 
is developed. 

Self-aligning Ball Bearings.—Figure 170 shows a self-aligning 
ball bearing. This bearing has two rows of balls, and the outer 
race has a spherical seat which enables the shaft to be turned 
slightly to assist in alignment, These bearings are not intended 
to take much end thrust, 
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Ball Thrust Bearings.—An example of the application of ball 
thrust bearings is given in Fig. 171 where they are applied to a 
»air of bevel gears. A is a plain journal bearing carrying the 
' 
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Fia. 170.—Self-aligning ball bearings, 


Fic. 169.—Vertical mounting. 


radial load, and ball race B is a free fit in housing A. Housing A 
should cover ball race C with M64 in. clearance to exclude dust an 
grit. Other methods of covering the ball bearing for pe 
against the entrance of foreign matter may be employed; the 
should never be left exposed, 
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The bore of ball race B must never touch shaft EZ. Race Cis a 
light press fit on the shaft H. Gears D and F should be a light 
drive fit on their shafts to insure concentricity and smoothness of 
gear-tooth action. 

All toothed gears in mesh with other gears tend to separate 
when in action. In this case the thrusts would be in the directions 
indicated by the arrows and the thrust bearings carry this load. 
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Fia. 171.—Ball thrust bearing installation. 


Dimensions and load ratings for a series of radial ball bearings 
und for ball thrust bearings are given in Tables 38 and 39, respec- 
lively. The student should make designs for some ball-bearing 
installations, observing the points of design previously given. 

Roller Bearings.—Figure 172 is a sleeve type of journal roller 
hearing. C is a ground shaft shouldered at the end to take the 
inner sleeve D of the roller bearing. This sleeve must fit the 
shaft snugly, permitting no shake, but it must not be snug enough 
to distort the inner sleeve when assembling, 
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apie 38.—DiMENsions AND Loap Ratvincs or RapiaL Batt BEaRINGs! A is the rol! retainer and B the rolls, and as these are made to 


assemble over the sleeve D and inside of sleeve P, which is the 
outer sleeve of the bearing, no instructions for mounting are 
necessary. 

Cap K bears against the outer end of the sleeve D, forcing it 
against the shoulder of the shaft C by means of the screw J. There 
should be a clearance of 14 in. around screw J at points S and R. 
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Dimensions, inches Load rating, pounds 
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Balls Revolutions per minute 
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Size 





No. | 100 | 200 | 500 1,000, 500 2, 0002, 500 


















1.1811]2.8347|0.7480\0.080 
1.3780)3. 1496/0 . 8268/0 .080 
1.5748|3 . 5433/0. 9055|0.080 
1.7717|3. 9370/0. 9843|0 .080 
1.9685]4.3307|1 .0630|0.080 
2.1654|4.7244|1.1417|0.080 


1{¢| 12 |2,600|2,120|1,400| $80} 645) 510) 424 
14 | 12 |3,300|2,800|1,930|1,270} 948) 755) 6 
%@| 12 |3,920/3, 400|2,320\1,535)1,145) 894) 75 
5¢ | 12 |4,650|3,950|2,720|1 ,788|1,330|1 050) 88 
12 |5,500/4,700|3, 240|2, 120|1 ,582|1 ,260}1 , O50 
12 17,0005, 840|3, 890|2 , 500|1 ,840}1 4601 , 200 
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TasBLe 39.—Drenstons AND Load RatTINGs OF Batt Turust BEARINGS! 
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Fia. 172.—Sleeve-type journal roller bearing. 
















Sleeve P has an oil hole Q which should be on top of the rolls 
wW- ———- oy when it is assembled in the housing H. It should come directly 
WS dW under the tapped hole W to permit the entrance of oil or grease to 
eee | the rollers B. This tapped hole W is made to take an oil or grease 
pee) cup. 

r Sleeve P should be a snug fit in the housing and should be 
a ns ; d clamped endwise. Dust caps F and G serve as clamps and carry 

Dimensions, inches igod selene, POO felts H to seal the bearing against dust and dirt. 
Balls Revolutions per minute Bearings of this type are intended for speeds of from 500 to 

d di D h r ———>— 


600 r.p.m., but they have been run successfully at higher speeds. 
Clearances 7' should always be provided between the caps and any 








Size 500 





No.| 100 | 300 





la Ou 


















7 nol a rotating part on shaft C. 
181d | a aacol 0.7087] O.0u04| Ba | 18 | 1,138] 74a) 686 A collar M set-screwed to shaft by serew O and bearing against 
1.5748 | 1.5827| 2.5197| 0.7087] 0.0304 18 | 1,566] 1,033 


950| flat N in shaft locates the shaft endwise. 
1,216 





















1.7717 | 1.7795) 2.8740) 0, 8661 
1.9085 | 1,9764)'6,0700) 0, 8661 
2.1054 | 2.1782) 8.4640) 0, 0046 


0.0804 16 | 2,016) 1,820 


These bearings should never be used where end thrust is pres- 
a eee i ae hae ‘on 14 ont unless a thrust bearing is also used. They are intended for 
" fe ' ' « ih e 
anes - radial loads only, 
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Fig. 173.—Radial-type roller bearing. 


Tapie 40.—DimENsIoNS AND Lencrus oF JOURNAL Router Brarines! 
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Figure 173 shows a radial type of roller bearing. The reference 
letters are the same as for the long-roll type, and the same rules 
should be observed in mounting. 

Proportions for some sizes of journal roller bearings and radial 
roller bearings are given in Tables 40 and 41, respectively. 


Taste 41.—Dimenstons or RapiAL RoLtteR BEARINGS! 





Dimensions, inches 





Load ratings 








d | D | b | Diam. of rolls 
1.1811 3.5433 0.9055 4 These bearings carry about 
1.3779 3.9370 0.9842 54 50% greater load than the 
1.5748 4.3307 1.0630 54 radial’ ball bearings of the 
1.7716 4.7244 1.1417 5g same dimensions 
1.9685 | 5.1181 | 1.2205 lig 
2.1653 5.5118 1.2992 34 





1 Ball and Roller Bearing Co. 


Tapered Roller Bearings.—This type of roller bearing provides 
for both radial and thrust loads. Figure 174 shows a mounting 
for a live shaft and Table 42 gives dimensions of this type of bear- 
ing for sizes from 1 to 3 by 14-in. steps. 

The inner race, or cone, is a snug fit on the shaft, the outer 
race, or cup, is a close turning fit in the housing. Correct align- 
ment is essential. 

Plain Thrust Bearings.—These bearings are designed to take 
pressure in the direction of the axis of the shaft, such as propeller 
thrust, gear thrust, etc. A plain collar thrust bearing is shown in 
Fig. 175 with a simple method of oiling. A plain vertical thrust 
bearing is shown in Fig. 176. This bearing usually has three 
washers. Washer A is made of hardened steel and is made to 
rotate with the shaft. Washer B is made of bronze and is loose 
while washer C is of hardened steel and is loose, Oil is introduced 
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Fia. a teas roller bearing. 


TaBie 42.—Dimensions oF TAPERED Rotier BEarinas 1n IncHES* 








0.250 | 2.8593 

2.8603 
11376 | 0 3.1496 
3.1506 
24% 0.250 | 3.6718 
3.6728 
21346 | 0.2187| 4.7244 
4.7254 
3% 0.375 | 5.8750 
5, 8760 


1.0010 
1.5000 | 0.882] %e 
1.5010 
2.0000 1.193 %4 
2.0010 
2.5000 | 1.142] 1% 
2.5010 
3.0000 2.135 %a 
3.0010 
Norn: S and 1 are shoulder dimensions for the shaft and housing, 
) ‘Timken Roller Bearing Oo, 
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at D and descends through hole Z, finally rising to the washers. 
The washers should have radial grooves in bottom with the edges 
of the grooves smoothed off as shown in Fig. 164, to allow the oil 
to readily find its way between the washers. 
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Fig. 175.—Plain collar thrust bearing. 





Lubrication.—The most common methods of bearing lubrica- 
tion are hand oiling, drop-feed oiling, pad oiling, and ring oiling. 

Hand Oiling.— When a bearing has no oil reservoir of any kind, 
oil is introduced to the bearing directly from an oil can. This is 
called hand oiling. 






Detail of Washers 
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Fig. 176.—Plain vertical thrust bearing. 








Drop-feed Oiling.—Figure 177 is a commercial drop-feed oiler. 
This oiler can be adjusted to feed one drop of oil or more per 
minute. The oiler contains an adjustable needle valve spindle for 
regulating the oil flow. Turning milled collar 3 raises or lowers 
needle. When handle 4 is in horizontal position as shown, the 
needle drops by spring pressure and shuts off all feeding. Spring 
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clip 2 holds needle in the position it is adjusted to. The oil level is 





Fia. 177.—Commercial drop- 
feed oiler. 


revealed by a glass body 1. 

Syphon Oiling.—Figure 178 shows a 
drop feed of the syphon type. With this 
oiler the feed varies with the oil level, 
character of the wicking, and the tempera- 
ture. Cold and thick oil feeds more slowly 
than warm and thin oil. A loosely twisted 
wick will feed more freely than a tightly 
twisted wick. This oiler feeds whether the 
machine is running or not and for this reason 
the wick should be lifted when the machine 
isidle. This method is principally suitable 
for continuous-running machines. The oil 
level should be kept as nearly constant as 
possible. 

The oiler consists of a reservoir on top 
of the bearing. A brass tube B extends 
from reservoir to within a short distance of 


the bushing C and is immediately over a hole in the bushing. 
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Fia. 178.—Syphon oiling system. 


The level of the oil should be kept just below the top of the 


tube, 
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A wick of loose woolen yarn D extends from the bottom of the 
reservoir, over the top of the tube, and down into the tube well 
below the line of the bottom of the reservoir. 

A wire or light chain F is fastened to the loop of the wicking 
within the tube and one end of the wire or chain is fastened to 
dust cover A. There should be plenty of freedom between the 
wicking and the inside of the tube. 

Felt Oiling.— Often a felt is placed in the bottom of a reservoir 
as shown in Fig. 179. The oil is thus filtered through the felt, 
excluding all dust and grit. The felt should be a snug fit in the 
reservoir. 
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Fig. 179.—Felt oiling. 


Pad Oiling.—One example of pad oiling will be shown. In 
this system the oil is carried to the shaft by a pad of suitable 
material saturated with oil fed to the pad from a reservoir. Figure 
180 shows such an arrangement. JZ is the housing which has an 
ample chamber K, the lower portion of which serves as an oil 
reservoir. A spring-cap oiler D is inserted in the top of this hous- 
ing through which oil is admitted to cored chamber K. A bronze 
bushing C is foreed into the housing with holes J on top. The 
lower side of the bushing has a rectangular cut through it to permit 
oil pad F to reach the shaft. The oil pad is a tight fit in this 
rectangular cut. Oil throwers A are sometimes turned on the 
shaft when bearing and bushings are in halves, but on solid bearings 
these cannot be used because of assembling difficulties. When 
throwers are used, caps B are employed to catch the excess oil and 
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oil holes H are drilled in the housing to return this oil to the 
reservoir. 
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Fic. 181.—Example of ring-oiled bearing. 


When the machine is first oiled it takes a few minutes for 
capillary action to saturate the pad and if the machine were 
started up immediately it would start dry, if it were not for the 
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holes in the top of the bushing which permit some oil to reach 
the shaft immediately. 

The clearance between the oil throwers A and caps B should 
be very slight. 

The overflow for the oil reservoir is at G. This should be open 
when filling the reservoir and immediately closed when it begins 
to overflow. 

Ring Oiling.—This type of bearing is sometimes used when 
the shaft diameter is 2 in. or more. It should not be used with 
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Fia. 182.—Ring-oiled-bearing mounting. 
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SECTION A-A 


exceptionally low speeds; the inside diameter of the ring should 
be about twice the diameter of the shaft, and the ring should be of 
ope piece and a very smooth finish to prevent foaming of the oil. 
‘The oil level should be about one-half the diameter of the shaft 
below the bottom of the shaft. 

An example of a ring-oiled bearing is shown in Fig. 181. 

The rings should be truly round to avoid sticking on the shaft. 

Hole E (Fig. 181) must be kept open, otherwise the left-hand 
chamber will fill up and overflow out of the left-hand end of 
housing. 

It is sometimes advisable to mount the ring at, or near, the 
center of the bearing. Figure 182 shows such a mounting. 





CHAPTER VIII 
BELTS AND PULLEYS 


The simplest and most widely used method of transmitting mechanical 
power is by means of belts and pulleys. Leather, canvas, rope, etc., are 
used for the belting, and wood, cast iron, paper, and pressed steel for the 


pulleys. 
Leather belting is the most common belting material as it possesses more 


of the properties necessary for the efficient transmission of power than any 
other material. It is very strong, has excellent frictional qualities which 
do not alter with use, is sufficiently flexible, and it can be depended upon to 
give long service if not abused and if purchased from a reputable manufacturer. 


Tensile Strength of Belting Leather.—Good belting leather has 
a tensile strength of 3,000 lb. per square inch. This is the mini- 
mum, the average for single belts being 3,750 lb. per square inch 
and 3,500 Ib. per square inch for double belts. 

Friction Coefficient of Belting Leather.—This value is the 
ratio between that force which tends to prevent slippage of the belt: 
on the pulley, and the normal force between the belt and the 
pulley. It is not constant but it rarely falls below 0.25, and 0.30 
is a conservative figure. 

Modulus of Elasticity of Belting Leather.—This value is 
obtained by dividing the stress in pounds per square inch of cross 
section by the amount of stretch per inch of length produced by 
the stress. For belting leather the modulus of elasticity is 30,900. 


Example.—If a belt is subjected to a stress of 200 Ib. per square inch of its 
cross section, how much will it stretch for each inch of its length? 
Let M = modulus of elasticity. 
S = stretch per inch of length. 
S, = stress in pounds per square inch of cross section. 


a 
M= s 
Oe fs = Seon = 0.00667” per inch of length. 


The Contact Side of Leather Belting.—Single belts should be 
run with the grain, or hair, side in contact with the pulley, as teste 
have shown that after the belt has been “run in’? more power if 


transmitted than by running the flesh side next to the pulley, 
180 
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Double- and three-ply belts are built up with each side of the 
belt presenting the grain. 

Speeds for Leather Belting.—The maximum speed for leather 
belts should be 4,500 ft. per minute. Higher speeds have been 
used, but it is better to establish a maximum between 3,000 and 
4,500 for best service. All high-speed belts should be made end- 
less rather than be joined by lacings or hooks of any kind. 

Thickness of Leather Belts.—Belting should be selected for 
thickness with reference to the smallest pulley over which it is to 
be run ; the larger the diameter of pulley, the thicker the belt may be 

Single belts are 1g, 540, and 36 in. in thickness and are iéed 
on small pulleys, while double belts are 14, 546, 3< in. in thickness 
and are for use on large-diameter pulleys. A 4-in.-diameter 
pulley is a good minimum for single belts and a 7-in.-diameter 
pulley may be considered as a minimum for double belts when 
long life is a first consideration. 

Arc of Contact of Belting.—For an open drive without idlers 
m are of contact is based on the smaller of the two pulleys. 
i 

D = diameter of large pulley, in inches. 

d = diameter of small pulley, in inches. 
C = distance between pulley centers, in inches. 


A = are of contact on small pulley. 
ie, 57(D — d) 
.A = 180 — =. gee 


Many drives are cross-belt drives or open drives with idler 
pulleys. It is easier to lay out such drives and measure the are 
of contact than it is to calculate. 

. Effective Tension of Leather Belts.—The table below gives the 
effective tension per inch of width for single and double belts of 


TABLE 431 





Single belts Double belts 


Effective tension ¢ i i 
Sent Contig ; Effective tension ¢ 
lhickness 7’, inches | pounds per inch of | Thickness 7’, inches | pounds per inch of 





width width 
4 to So 44 yy to %o 70 4 
Bia to Ho 49.5 1%q to 24 79.2 
Ho to Yo 55 1k, to 36 88 


——— 


' Graton and Kulght, 














152 MACHINE DRAWING 


different thickness, the arc of contact between belt and pulley 
being 180 deg. When the arc of contact is less than 180 deg., the 
effective tension is corrected as follows. 

A = arc of contact on small pulley. 

te = effective tension for 180 deg. contact. 

i. = eee effective tension for arc of contact less than 180 deg. 

te 

c= 180° 

Example.—Suppose that on a pulley carrying a single belt 346’ thick, it 
was found that the arc of contact was 150 deg. instead of 180 deg. Then 


t 


A = 150, 
t. = 55, 
andt, = wre = 45.83 lb. per inch of width, instead of 55 Ib. 


Calculation of Belt Speed.—When the diameter of one pulley 
and its revolutions per minute are known, the speed of the belt is 
determined by the formula given below: Let 

D = diameter of pulley. 
R = revolutions per minute of pulley. 
S = speed of belt, in feet per minute. 
g= 3.14DR 

12 

Horse Power of Leather Belting.—The horse power a belt will 
transmit is given by the formula below, where 

HP = horse power. 


i, = effective belt tension per inch width. 
W = width of belt, in inches. 
S = speed of belt, in feet per minute. 
tWS 
HP = 33 000 


Example.—What horse power will a 4” double leather belt 34” thick transmit 
if the belt speed is 2,000 ft. per minute and the arc of contact 180 deg.? 

From the table of effective belt tension it is seen that the tension for a double 
pelt 3¢” thick, and 180 deg. of contact is 88 Ib. per inch of width. Therefore 
te = 88 lb. 

 W being 4 and S being 2,000, 


HP = 


33,000 ° 3 
Calculations for Width of Belt.—Transposing formula for hor 

power we get the following for the width of belt, W. 

33,000HP 


Fm ag 


LWS _ ol. 
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: eT width belt will be necessary to transmit 50 horse power with 
a 3¢"-thick double belt, 180 deg. contact running at 3,000 ft. per minute? Here 


HP = 50, 
i, = 88, 
S = 3,000, 


“We 


tS ~ 88 X 3,000 +88 — 


_ 33,000HP — 33,000 X 50 550 


1" 


4 . 


Length of Crossed Belt.—The length is obtai 
. t 
following formula, where gth is obtained by use of the 


L = length of belt, in inches. 
k= radius of large pulley, in inches. 
r = radius of small pulley, in inches. 


C = center distance between pulleys, in inches. 


¢@ = angle of belt with common center line. 


sin ¢ = 


L = (R + r)(3.142 + .03496) + 2C cos ¢. 


Figure 183 shows a diagram of a cross b : 
. elt with th 
letters used in the above formula. e reference 








Fig. 183.—Cross-belt diagram. 


Example.—A 15” pulley and a 10” pulley are mounted on shafts 2515/6” 
apart. The pulleys are to be connected by a crossed belt; what length should 


the belt be? 
sin db = 


1. m= 28° 49! = 28,82" 
008 pb ~ 0.87617 


Feat 
C 


7.5 +5 


~ 25,9875 


= 0.48192 
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L = (R +7)(3.142 + .03496) + 2C cos > 
= 12.5(3.142 + 1.006) + 51.875 cos 
= 51.85 + 45.451 








t.—When the drive is an open-belt drive 


Open Bel 
pe he diagram of Fig. 184. the 


without idlers, such as shown in t 
following formula may be used, where 
L = length of belt, in inches. 
R = radius of large pulley, in inches. 
r = radius of small pulley,.in inches. . 
C = center distance between pulleys, in inches. 
B = angle of belt with common center line. 
R-r 
sin B = Se 
L = (x + .03498)R + (x — .03498)r + 2C cos B. 





Fig. 184.—Open-belt diagram. 


n-belt drive has idler pulleys, it is more practical to 


If an ope leulate the length of th 


lay the pulleys out to scale than to try to ca 
belt. 


Example.—A 10” pulley and a 20'’ 
The pulleys are to be connected by an open 


he? 


yulley are mounted on shafts 50” apa 
belt; what length should the bel 
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me Sg a 
..B = 5° 45! or 5.75°. 
cos B = 0.99497. 
L = (r + .03498)R + ( — 0.03498)r + 2C cos B 
= (3.14 + .2007)10 + (3.14 — 0.2007)5 + 99.497 
= 33.407 + 14.6965 + 99.497 
= 147.6”. 


Pulleys are made solid unless it is desired to design them so 
that they may be mounted without disturbing the shaft or bear- 
ings, in which case they are made in halves and clamped to the 
shaft. When the belt speed approaches or exceeds 4,000 ft. per 
minute, the pulleys should be carefully balanced. 

Width of Pulley Face.—Good practice for the width of pulley 
face is to make it 6 per cent wider 
than the belt. Some sidewise a 
motion is always present on a 
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running belt, and it injures the ) yy 
belt if it runs over the edge of the Y yj 
pulley. SY) yy 
WILE, WEL IEEE 













Crowning of Pulleys.—There 
is no fast rule for the crowning of 
pulleys, but 1 in. per foot of face 
for pulleys 24 in. and over in width 
is good design. For pulleys under 
24 in. wide, 376 in. per foot may I Qn 
be used. Figure 185 shows two Fic. 185.—I. Straight crown. II. Curved 
methods of crowning pulleys. At oo 
| is shown the straight crown and at II the curved crown. The 
curved crown is preferable as it does not bend the center of the 
helt so sharply and as it also gives a better belt contact. 

The values given above for pulley crowns is for drives where 
the shafts are horizontal. When the shafts are vertical, the crown 
should be at least twice as much. 

Flanged pulleys such as those shown in Fig. 186 are sometimes 
used to confine the belt within narrow sidewise limits, but it is 
well to avoid this type of pulley as the flange injures the edge of 
the belt. If the pulleys are properly crowned, properly -aligned, 
und if the belt tension is correct, it is unnecessary to flange them. 

Cast-iron Pulley Proportions.—These pulleys are usually made 
with six arms when the diameter does not exceed 60 in, For 
larger sizes eight or more arms may be used, and for sizes under 
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156 
: ee bias d in Fig. 187. nm = number of arms. 
c d pulley is used; this type 1s illustrate ; 7 
6 in. a shee ae ulleys two or three holes are made in the d= bore of hub (known). 
On these small we y h = diameter of hub = 2d. 
K = width of belt (known). 
T = thickness of belt (known). 
B = width of pulley face = 1.06K. 
D = diameter of pulley (known). 
W = width of arm at hub = “4 4-8) +P. 
W, = width of arm at rim = 0.75W. 
a = thickness of arm at hub = - 
a, = thickness of arm at rim = wy, 
t = thickness of rim at edge = z 
c = taper of crown = 1¢ in. per foot of face for pulleys 24 in. 


Fic. 186.—Flanged pulleys. 





in diameter and over, and 3%. in. per foot of face for 
pulleys under 24 in. 


is being turned. The thickness ol L = to suit conditions but should not be less than B. 


web to dog the pulley when it of the rim whe 


this web is usually made equal to the thickness 
the web joins it. 











Kia, 187.—Webbed pulley. 


Fia, 188.—-Arm pulley. 


When pulleys are small enough in diameter to use the webbed 
sonestruction, the value of h, L, B, t, and ¢ may be the same as for a 
four-arm pulley, 


Figure 188 shows a pulley with arms. Proportions are gl 
on page 157, where 
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Pulley-arm Sections.—Figure 189 shows four cross sections 
used for pulley arms. The one most commonly used is the 
elliptical section at A. 


Gili Cll, CHD = y= 


A B 


Fic. 189.—Pulley-arm sections. 


Tight and Loose Pulleys.— When it is necessary to start and 
stop a driven shaft without stopping the driving shaft, a tight and 
a loose pulley are mounted side by side on the driven shaft. The 
tight pulley is keyed or otherwise made fast to the shaft, and the 
loose pulley is made to turn freely on 
the shaft. Theloose pulley is made some= 
what smaller in diameter than the tight 
pulley, and the driving pulley has a fae 
width equal to the combined width 0 
tight and loose pulley faces (Fig. 190), 
The tight pulley should be placed nearest 
the bearing. 

Belt Shifters.—Belts are shifted fro 

the tight pulley to the loose pulley b 

° means of forked members. The for 
re should engage that portion of the bel 
Wg which is approaching the pulleys. 

One type of shifter used on machines 
is given in Fig. 191. The surfaces c of t 
shifter fork should be rounded a 
polished where they come into conta 
with the belt. 

The fork is moved along the squ 
rod o by handle h. A pin 6 passes do 
through the hub of the fork and wh 
Fic. 190-—Tight and loose the belt is on the loose pulley k, this pi 

Bee enters a hole in the square rod o, th 
preventing the belt from working back on to the tight pulley 
Spring m keeps the pin b engaged with the hole in shaft 0. 

Idler pulleys are used on open-belt drives to increase the aré 
belt contact on the smaller pulley when the are falls much bel 
180 deg, The idler should be placed on the loose side of the 
it should not be crowned, Figure 192 is an adjustable idler, 
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Fie. 192.—Adjustable idler. 


Nia, 105, 





Awingingearm idler, 
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When the arrangement is like that of Fig. 196, the slack is at 
the bottom and considerable contact is lost. When such a design 
is necessary, a belt is recommended about 10 per cent wider than 
would have been necessary for the arrangement shown in Fig. 195. 


there is some danger in its use as it is possible to screw it down too 
far, thereby creating excessive bearing pressures, loss of power and 
undue wear in the belt. 

Figure 193 is a swinging-arm idler and is preferable to the one — 
shown in Fig. 192. The arm and pulley should not be too heavy 
for the belt that is to carry it. 





y 
y 
y 
y 
y 


Fia. 196.—Open drive, slack at bottom. 


Split Pulleys.— When it is necessary to put a pulley on a shaft 
supported by hangers, it is desirable to do so without disturbing 
cither the shaft or the hangers. If the pulley is split or made in 





Fic. 194.—Swinging-arm idler using weight attachment. 


Another type of swinging-arm idler is given in Fig. 194. In 
this device the idler is held against the belt by an arm A carrying & 
weight W, which is adjustable along the arm to produce a greater 
or less degree of tension in the belt. The figure shows that a very 
substantial increase in the are of contact is effected by this 
arrangement. 

Open Drives without Idlers——When pulley A, Fig. 195, is 
running in the direction indicated by the arrow, the slack is on the 








Fia. 197.—Split cast-iron pulley. 





halves, this is easy of accomplishment. Figure 197 shows one 
type of split cast-iron pulley, and Fig. 198 is a split wood pulley. 

Stepped pulleys are used as a means of obtaining a variable 
speed for the driven shaft of some machines, Such a system of 
pulleys is shown in Fig, 199; it is evident from the figure that the 


Fia. 195.—-Open drive, slack at top. 


top and this gives the maximum amount of wrap to the bel 
Whenever possible this arrangement should be used for op 
horizontal drives, 
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same belt must serve as the connector for each of the steps, and of — 
course the belt tension should be the same whatever step the belt 


KNICKS 














PCS CRE 
ult fy 





Fig. 198.—Split wooden pulley. 


is driving from. The ‘‘ Burmester” method for a graphical solu- 
tion is widely used to determine the diameter of the pulleys for 
open belts. Figure 200 is a detail 
of a stepped pulley. 

Burmester Solution for Stepped 
Pulleys.—From A on a horizontal 
line AB (Fig. 201), draw a 45-deg. 
line AC. Lay off AS on AC equal 
to the distance between centers of 
the shafts, and from S draw ST’ 
perpendicular to AC. Make SK 
equal to 14 AS and with radius 
AK draw an are of a circle XY, 
From a convenient point D on AG 
draw a vertical line FDE, and 
make DE equal the given radius 
of a step on the cone, and HF equal 
to the given radius of the corres 
sponding step on the other cone, 
Draw FG and EH parallel to AC, 
From the point @ on the are drop & 
vertical line cutting HH on H 
> es Adi stiac eae Through H draw a horizontal lim 

MO touching AC at M. Then 
horizontal distances are measured from M, as Ma, MH, MP, 
equal the radii of the pulleys or steps on one cone, the correspond 
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Fia. 200.—Detail section of stepped pulley. 
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Mig, 201,—Burmoster solution for atepped pulleya, 
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ing vertical distances ab, HG, and PN will be the radii of the 
corresponding steps on the other cone. 

If the radii of the two steps of any pair are to bear a certain 
ratio, as aa—Ma, from M draw a line at an angle with MO whose 








Fig. 202.._Example of angular drive. 


tangent equals that ratio, and from the point where it cuts the 
are, as b, drop a vertical ba, Ma and ba will be the radii required, 

Pitch Line of Belt.—The pitch line of a belt may be described 
as that line which passes through it midway between the flesh and 
the hair side and midway between its two edges, 
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Angular Drives.—When the shafts are not parallel, special 
consideration must be given to the positioning of the pulleys with 
relation to each other. 

Referring to Fig. 202, it will be seen that the pitch line of the 
belt leaves the pulley A at point b, and passes through the middle 
of the face of pulley B at point c. In the right-hand view, the 
pitch line of the belt leaves pulley B at point Ci and passes through 
the middle of the face of pulley A at point b;. This arrangement 
must always be followed where shafts are run at an angle with 
each other. The direction of motion of the belt may not be 
reversed as by so doing the belt will leave the pulleys. 


_-Oriven 





ores! 


Fia. 203.—Compound belt drive. 


Compound Belt Drives.—It is not always possible to drive 
directly from the driving shaft to the machine, and in such cases 
compound belt drives are necessary. Figure 203 is such a drive, 
and to have belted directly from motor pulley A to the machine 
pulley F would have required a pulley diameter for F much larger 
than was desirable. A very large pulley at F and a much smaller 
one at A would result in a marked decrease in the arc of contact 
on pulley A, a condition to be avoided whenever possible. 

Calculation of Pulley Speeds.—The product of the diameters 
of the driving pulleys, divided by the product of the diameters of 
the driven’ pulleys, and this quotient multiplied by the revolutions 
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per minute of the first driving pulley, will give the number of 
revolutions of the last driven pulley. 


Example 1.—Referring to Fig. 203, pulleys A, C, £, are driving pulleys, and 
pulleys B, D, and F are driven pulleys. If the motor pulley A is turning at 
1,800 r.p.m., how fast is the machine pulley / turning, when 

A = 5” diameter. 
B = 10” diameter. 
C = 5” diameter. 
D = 10” diameter. 
E = 7” diameter. 
F = 8” diameter. 
5X 5X7 X 1800 3 
xioxs ~ 4 


Example 2.— Referring again to Fig. 203, what will be the necessary diameter 
of pulley F if driven directly from a 5’’-diameter motor pulley A turning at 
1,800 r.p.m., pulley F to turn at 39334 r.p.m.? 


1,800 x 5 
F 


r.p.m. 


= 393.75. 
393.75F = 1,800 X 5 = 9,000. 


_ 9,000 _ aT 
F= 303.75 = 22.85’’ diameter. 
If the drive is of the open-belt type, there will be considerable loss in the 
arc of contact on the 5” pulley, and it will require a 22.85” pulley on the machine, 
Pulleys of this size are objectionable on some machines. 








CHAPTER IX 
GEARS 


The preceding chapter on Belts and Pulleys treated of a particular type 
of gearing, but it is obvious that such a type cannot transmit uniform motion 
from one shaft to another. The belt creeps, and there is always some 
slippage, so that if we wish to transmit uniform motion, we must employ 
some other means. 

Toothed gearing provides such a means if the tooth profile is of the correct 
form, the tooth spacing accurate, and the gears concentric. There are 
several forms which a tooth profile might take, but as the involute form is 
almost universally used we shall consider this only. 


Common Types of Gears.—The types of gears most frequently 
used are the spur gear, the bevel gear, the helical gear, and the 
worm gear. 

Drawing the Involute.—Figure 204 shows the development of 
an involute. First draw the base circle B and divide it radially 
into a convenient number of 
parts, lines 6, 7, 8,9, etc. From 
points a, b, c, d, draw lines 
/, m,n, 0, normal to lines 6, 7, 8, 9, 
respectively. 

Line | should be of a length 
equal to the distance from point 
| to point a as measured on the 
periphery of the base circle. 
Line m should be of a length 
equal to the distance from point 
/ to point b as measured on the 
periphery of the base circle, etc. Fre. 204.—Involute curve applied to gear 

From point 1 draw a curve I, — 
which will touch the outer extremities of lines 1, m, n, 0 at points 
2, 8, 4, 5, ete. This line I is an involute curve. 

Pitch Circle and Pitch Diameter.—The pitch circles of a pair 
of mating gears are shown in Fig. 205 at p; and py. These are 
the circles upon which the gear teeth are laid out, the thickness of 
the tooth and the width of the space being equal when measured 

107 
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on this circle. The diameter of this circle is known as the pitch 
diameter. 

The Pitch Point.—Figure 205 shows clearly that the pitch 
circles of a pair of gears are tangent to each other. The point P 
where the common center line C, intersects this point of tangency 
is called the pitch point. 

The Line of Action.—The line of action is the line through which 
tooth contact occurs. This line must always pass through the 
pitch point P; it is shown as line L in Fig. 205. 





Clearance circle. 








Clearance circle. 


” 


Fig. 205.—Mating gears. 


The Pressure Angle.—The pressure angle is the angle A in 
Fig. 205. It is formed by the line of action L and the common 
tangent C; to the two pitch circles, p1 and p2 This angle i# 
usually made either 1414 or 20 deg. 

The Base Circle.—The base circles are shown in Fig. 205 
circles b; and bz. These circles are tangent to the line of actio 
and the involute tooth profiles are developed from them. 

The Center Distance.—The center distance C (Fig. 205) is t 
distance between the centers of two mating gears and is equal 
one half the sum of their pitch diameters, 
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The Diametral Pitch.—The diametral pitch of a gear is the 
number of teeth to each inch of its pitch diameter. For example, 
if we have a gear with a 4-in. pitch diameter and 24 teeth, the 
teeth will be 6 pitch, for there will be 6 teeth to each inch of the 
pitch diameter. 

The diametral pitch is selected with reference to the amount 
of power the gear is expected to transmit. In general the diame- 
tral pitch should be as small as the load will permit, a fine diame- 


Fic. 206.— Actual size of gear teeth. 
tral pitch resulting in smooth tooth action. The diametral pitch is 
usually referred to simply as the “pitch” of the gear. 
The actual size of gear teeth of various pitches is shown in Fig. 206. 
The Rack.—A rack is merely a gear of infinitely large diameter 
Obviously the pitch circle, outside circle, root circle, and the 


involute curve of such a gear would also be infinitely large, result- 
ing in straight lines. The pressure angle would remain unchanged, 
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Racks are used in combination with gears to impart straight- 
line motion to slides and the like. A rack is shown in Fig. 207. 

Tooth Parts.—The designations given the various tooth parts 
are shown in Fig. 207. The tooth parts are the same for a rack as 
for a gear. 

The Circular Pitch—The circular pitch CP of a gear is the 
distance from the center of one tooth to the center of the next 
tooth as measured on the pitch circle (see Fig. 207). 

The Addendum.—The addendum A is the radial distance 
from the pitch circle to the top of the tooth. 





Pitch Circle 








Fig. 207.—Gear-tooth nomenclature. 


The Dedendum.—The dedendum D is the radial distance from 
the pitch circle to the bottom of the tooth. 

The Clearance.—The clearance c is the space between the top 
of a tooth of one gear and the bottom of the corresponding tooth 
space of the mating gear. - 

The Whole Depth of Tooth.—The whole depth W is the sum of 
the addendum and the dedendum. 

The Working Depth of Tooth—The working depth WD i 
equal to twice the addendum. 

The Thickness of Tooth.—The thickness of tooth 7 is the 
thickness as measured on the pitch circle. 

Tooth Proportions for the 1414-deg. Pressure Angle. Thd 
1414-deg. pressure-angle tooth has the following proportions 
where P is the diametral pitch. 

1 0.157 


CP = p A=>p) ATT - BTY 
cP 


2 Tw Cen 
WD=»p [' = 5 


D=A+c, We 
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Tooth Proportions for the 20-deg. Pressure Angle.—Usually a 
shorter addendum is used for the 20-deg. pressure-angle tooth than 
for the 141¢-deg. pressure-angle tooth. Teeth with addenda 
shorter than 1/P are referred to as ‘“‘stub teeth” and in this text 
we shall use the proportions of the Fellows type of stub tooth. 

In the Fellows system a three-pitch tooth, for instance, has an 
addendum equal to that of a four-pitch tooth of the 1414-deg. 
pressure-angle system. The cutter is marked 34 which means that 
it will cut a three-pitch tooth having an addendum of 14 in. instead 
of an addendum of 4 in., as would have been the case in the 1414- 
deg. pressure-angle system. 

Some of the fractional pitches of the Fellows system are, 
34, 4%, 4, 8, %, S40, 1, 1M 9, AAs 1448, 1661, 1864, 2066, 
ete.; in short, the numerator of the fractional pitch refers to the 
pitch of the tooth and the denominator refers to the addendum of 
the tooth. Let 

d = denominator of the fractional pitch. 





1 T 0.25 

A=7 CP = p C= D=A-+e, 
2.25 2 CP 

W== WD=> T= >: 


The face of the tooth is that portion of the profile between the 
outside circle and the pitch circle. 

The flank of the tooth is that portion of the profile between the 
pitch circle and the clearance circle. 

The Cause of Undercutting.—The curve for the tooth profile 
varies with the pressure angle and the number of teeth in the 
gear. That portion of the profile which includes the face of the 
tooth is always a true involute when the gear is of the involute 
type, and this involute also forms the profile of the flank of the 
tooth down as far as the base circle if there are enough teeth in the 
gear. When there are few teeth in the gear, the involute portion 
of the profile will not reach the base circle but will terminate 
somewhere between the pitch circle and the base circle. This 
may be seen in Fig. 208 which is a 12-tooth 1414-deg. pressure- 
angle gear. 

It will also be noticed that this gear has a weak section, S, at 
the base and this is called ‘undercut.’ It is caused by the 
“hob,” or gear-cutting tool as it cuts the tooth form, Point P 
on the hob deseribes a trochoidal curve, whieh produces this 
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Taste 44.—GRANT’s INVOLUTE ODONTOGRAPH! 


undercut. The greater the number of teeth the less this undercut 
Standard interchangeable tooth, centers on base line 


will be, and for 20-deg.-pressure angles it is less than for 1414-deg.- 




























pressure angles. Divide by the Multi 
: - se ply by the 
The flank of the tooth being so variable it is usually drawn by diametral pitch aaubie es 
making it radial with the center of the gear as at F, Fig. 208 and Teeth 
connecting F and the involute curve with a small radius at R. se le ag Face Flank 
. ‘a i 1 
When the pressure angle is 1414 deg., the use of Grant’s odon- = ae TRGIIS radius radius 
tograph affords an easy method of drawing the tooth profile (see 10 2.28 0.69 0.73 0.22 
Table 44) 11 2.40 0.83 0.76 0.27 
12 2.51 0.96 0.80 0.31 
13 2.62 1.09 0.83 0.34 
14 2.72 1.22 0.87 0.39 
15 2.82 1.34 0.90 0.43 
16 2.92 1.46 0.93 0.47 
17 3.02 1.58 0.96 0.50 
18 3.12 1.69 0.99 0.54 
19 3.22 179 1.03 0.57 
20 3.32 1.89 1.06 0.60 
: 21 3.41 1.98 
‘K o 1.09 0.63 
pow NF e . 3.49 2.06 1.11 0.66 
3 ‘> 2 3.57 2.15 1.13 0.69 
Hob or Gear Cutting gal Se Te 24 3.64 2.24 1.16 0.71 
25 3.71 2.33 1.18 0.74 
Fia. 208.—Undercutting. 26 3.78 2.42 1.20 0.77 
, 27 3.85 2.50 1.23 0.80 * 
To Draw the 1414-deg. Tooth Profile——Draw the outside 28 3.92 2.59 1.25 0.82 
circle, pitch circle, base circle, clearance circle, and root circle me 3.99 2.67 1.27 0.85 
(see Fig. 209). i 4.06 2.76 1.29 0.88 
‘ : Peer ej : 4.13 2.85 1.31 0.91 
Space off the pitch circle by dividing it into twice as many 32 4.20 2.93 1.34 0.98 
angular parts as there are teeth in the gear; for example, if there 33 4.27 3.01 1.36 0.96 
are 24 teeth in the gear, divide the circle into 48 angles; these 2 i 1.38 0.99 
angles will then be 714 deg. each, and the distance between two 36 4.45 si ie 
: eer ; ; ; : 3.23 tat 1.03 
adjacent radial lines at the pitch circle will represent the thickness 37 to 40 4.20 1.34 
of a tooth or of a space. < 41 to 45 4.63 1.48 
In the odontograph table, at 24 teeth is found the face radius, “ . ae 1.61 
3.64 and the flank radius, 2.24. If the gear is to be 2 diametral 61 to 70 eae a 
pitch, divide each of these values by 2 and we have 1.82 for the 71 to 90 7.72 2 46 
face radius, and 1.12 for the flank radius. With the compass set a “s rh fas 3.11 
at 1.82 in. and the center on the base circle, draw the face of the viet ee 
; 181 to 360 21.62 6.88 


tooth from the outside circle to the pitch circle. With the com- 
pass set at 1.12 in. and the center on the base circle, draw the 


curved portion of the flank. 
The remainder of the tooth profile is a line radial with the 
center of the gear and with a circular fillet at the root circle equal in 


radius to the clearance, 


1 Grant Gear Works. 





174 MACHINE DRAWING 


If the number of teéth is greater than 36 or if the pitch is 
small, the face radius: should be continued to the base circle. 


Outsicle. circle 
Pitch circle, . 
112 Flank radius 


1.82" face radius 










Base 
orcle 


Fig. 209.—Method of drawing 14/9-deg. tooth profile. 


To Draw the 20-deg. Tooth Profile.—The outside, pitch, base, 
clearance, and root circles are first drawn as in the odontograph 


Oubsife circle. 
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Pia. 210.—Moethod of drawing 20-dog. tooth profile, 


method; also the tooth spacing is done in the same manner (Fig 
210), 
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The radius for the face of the tooth profile is determined 
by first developing a true involute curve from the base circle and 
finding a radius that will coincide with that portion of the involute 
which lies between the pitch circle and the outside circle. The 
center of this radius should be on the base circle. 

The radius for the curved portion of the flank of the tooth 
profile is the radius which will coincide with that portion of the 
involute which lies between the pitch circle and the base circle. 
The center of this radius should be on the base circle. 
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Fig. 211.—Drawing of spur gear, keyway located for timing. 


Radial lines connect the flank circles with the fillets at the root 
circle. 
It should be remembered that all mating gears must have the 
same pressure angle. a 
Drawing the Gear.—Let it be required to draw a gear having 
24 teeth, 34 pitch, 20-deg. pressure angle, 2-in. face and a 114-in. 
diameter shaft (see Fig. 211). Let 
N = number of teeth in the gear. 
PD = pitch diameter of the gear. 
OD = outside diameter of the gear. 
@ = angle including one tooth or one space. 


1 14 360 = 360 4° . N _ 24 i 
Ave a Bul "ay "47 3) PD = = 8 


P 3 
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_ 9 3.1416 _ , CP 1.0472 , 
cp = % = 248 _ ose", r= 5 = 5 = 0.5236 
Ob = Pp ea see ap See Sey Bes 
3 = 85 d 4 
0.25 0.25 : 
¢ = 7? = 8 = 0.0625". 


Having calculated the tooth proportions and the gear diameters, 
we are prepared to draw the gear. Referring to Fig. 211 draw 
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Fig. 212.—Common method of drawing spur gear. 


center lines AA and BB. With the intersection of these two lines 
as a center, draw outside circle having a diameter OD = 834 in., 
the pitch circle, PD, having a diameter of 8 in. and the root 
circle having a diameter equal to the outside diameter minus 
twice the whole depth: in this case this diameter will be 814 in. — 
(2 X 0.5625) = 73g in. The method of finding the base circle 
and the radius of the tooth profile has already been explained. 

The angle 0 being 714 deg., the gear is divided into 714 deg. 
divisions, and the profiles drawn. The fillets at the bottom of the 
teeth should have a radius equal to the clearance: in this case the 
fillet radius is 0.0625 in. The other details of the gear may now be 
drawn to suit the requirements of the design, 
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Conventional Methods of Drawing Gears.—-In actual drawing 
room practice it is rarely necessary to draw in the teeth when 
designing a gear. There are some cases where it is necessary to 
show where the first cut should come with reference to a keyway 
or a pinhole in the hub, and in such cases but one cut, or two cuts 
and one tooth, are shown. 

In Fig. 211 it may have been necessary for the purpose of 
timing one shaft with another to cut a space just opposite the 
keyway as shown. Of course, the mating gear would also have its 
teeth cut with reference to its keyway and the tooth of one gear 
marked to be assembled in the marked space of the mating gear. 

When it is immaterial where the. first cut begins the drawing is 
made as shown in Fig. 212, the necessary data for cutting the gear 








Fig. 213.—Spur-gear drawing including corrected addendum and chordal tooth thickness. 


being placed on the drawing. This saves considerable expense in 
drawing and as the gear cutters themselves determine the profile 
of the teeth no other information is necessary. 

Corrected Addendum and Chordal Tooth Thickness.—When 
inspecting finished gears it is convenient to have two dimensions 
on the drawing not yet mentioned. ‘These dimensions are the 
corrected addendum and the chordal tooth thickness (see Fig. 213). 

The formulas for these dimensions follow, where 

N = number of teeth in the gear. 

A = addendum. 

6 = angle including }4 the tooth thickness. 
PD = pitch diameter, 
C, = corrected addendum, 
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C, = chordal tooth thickness. 


PR = pitch radius. 
C, = A+ (PR — cos BPR). 
C, = sin BPD. 


Thus for a gear of 24 teeth, 34 pitch, C, = 0.25856 in. and 
C, = 0.5232 in. With these two dimensions known, the vernier- 


gear caliper can be used to check the correctness of the gear teeth. 
This caliper is used as shown in Fig. 214. 
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Minimum Number of Teeth.—If there are too few teeth in 
a gear undercutting will result as shown in Fig. 208. This under- 
cutting weakens the tooth. 

The number of teeth in a spur gear should never be less than 
12, and in general it is good practice to make the minimum number 
of teeth 15, thus giving ample strength at the base of the tooth. 

Internal .Gears.—An internal gear is one having its teeth 
cut on the inside of a solid rim instead of on the outside. Such a 
gear is shown in Fig. 215. 

It wili be seen that in the case of internal gears the direction of 
motion of each gear is the same. ‘This is the reverse of the case of 
external spur gears. The internal gear forms a housing for its 
pinion, or smaller mating gear, thus affording protection to the 
operator of the machine and also protecting the teeth of the gear 
and pinion from injury. 

The center distance between the gear and the pinion is greatly 
reduced in this type of gearing, this often being an important 
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consideration. In some cases where it is especially desired to 
have two shafts turn in the same direction an internal gear and 
pinion will accomplish the result without the introduction of an 
intermediate gear. 








Fig. 215.—Internal gear. 


Formulas for Internal Gears.—The rules for laying out an 
internal gear and pinion are the same as those for laying out a 
regular external spur gear and pinion, with the following excep- 
tions: Let 

C = center distance. 





I = inside diameter. 
A = addendum. 
N = number of teeth in the gear. 
n = number of teeth in the pinion. 
P = diametral pitch. 
N-n 
CoP 
N —2 
[= a 


The pinion is made the same as a regular external gear pinion. 
‘he number of teeth in the pinion should be at least 7 less than the 
number of teeth in the gear for the 20-deg. stub tooth form and 12 
teeth less for the 14!¢-deg. full-length form. 

. Drawing the Internal Gear.—Referring to Fig. 216 it will be 
seen that the method of determining the base circles of the gear 
and pinion is precisely the same as for regular spur gears, in fact 
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Fig. 216.-—Method of drawing internal gear. 
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Vio, 217, Conventional drawing of internal gear, 
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the only difference made in drawing an internal gear is that we 
have the addendum inside the pitch circle instead of outside it; 
the dedendum outside the pitch circle instead of inside it; and 
this results in the shape of the tooth of an internal gear being the 
same as the shape of the space of an external gear. 

A conventional method of drawing an internal gear is shown in 
fig. 217. Dimension A should never be less than 1¢ in. and for 
pitches larger than 6 it should be 346 in. or more. This recess A 
is for the cutter clearance and if too little is provided, the chips 
fill the recess and cause trouble. 

Bevel Gears.—Bevel gears are used to transmit rotary motion 
from one shaft to another shaft whose center line intersects it. 
l‘ormulas are as follows: 

N = number of teeth. 
= diametral pitch. 
= circular pitch. 
= pitch cone angle and edge angle. 
= center angle. 
= pitch diameter. 
= addendum at large end of tooth. 
= dedendum at large end of tooth. 
= whole depth of tooth. 
= thickness of tooth at pitch line at the large end of tooth. 
= pitch cone radius. 
width of face. 
addendum angle. 
dedendum angle. 
face angle. 
cutting angle. 
pitch cone vertex length. 
angular addendum. 
= outside diameter. 
= vertex length at large end. 
= vertex length at small end. 


a 
| 


tot wo te ed 


—sOPEnp er otrysarhbyoeue 
| 


= 


Sub, refers to gear. 
Sub: refers to pinion. 


Formulas for shafts at right angles, 1414-deg. pressure angle. 


tan By = we 


tan B, = xv 
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=k, Az = 0.11785". 
Pa Oa = 6.2357”. 
1 V = 2.8821’. 
= Pa = 1.863”, 
1.157 M = 3.0000”. 
d= ae The necessary data are now available for the drawing of the gear. The 
9 ie dimnensions should be placed on the drawing as shown in Fig. 218. 
~"?P d A, Re 
_ 1571 3 
— Pa é : 
Ra Di Do - LX [ 
2 sin 6 ~ 2 sin Be 
A 
tan 9 = R : 
tan \ = R ——, Yi 
vy = 90° — @ + 8) 
a=6B-.X. 
A, = A cos B Fria. 218 
Oa D + 2Aq 
V Og tan p Drawing Bevel Gear Teeth.—The number of teeth in a bevel 
2 year is based on the pitch diameter, but the outline of the tooth is 
7 ye —F based on a diameter equal to twice the distance AB, having a 
“= R yreater number of teeth (see Fig. 219). 
M = R cosB. Thus, in Fig. 219 is shown a 16-tooth, two-pitch gear with a 
; ; : J hack radius equal to the distance AB, or 5.656 in. Teeth con- 
_ Figure 218 shows the various reference letters used in the fores strueted on a circle of this radius show the true outline of the 
going formulas. tooth, and there would be 22.627 teeth in the complete circle. 
Example.—Let it be required to design a pair of bevel gears, each gear having If this template were to be wrapped around the back of the gear, 
36 teeth, the pitch to be 6 and the face to be 134”. \6 of the 22.627 teeth would be required to go exactly around the 
By using the foregoing formulas the values derived are as follows. year. - The profiles of the teeth in the gear are projected from the 
. = a \emplate in the usual manner. 
ang", 
d = 0.1928”. er 
W = 0.3595". jane ee AB, 
T = 0.2618”. DP ‘ ‘ j 
R = 4.2426". mo. number of teeth in complete circle of radius AB, 
B = 45 deg. for each gear, therefore the various angles will be the same for 
each gear. where P = diametral pitch. 
@ = 2° 15’, D = pitch diameter. 
A= a oe » = back angle. 
Xs a o Helical Gears.—This type of gear is often used instead of 
Qa-= . 


hovel gears for angular drives and instead of spur gears for parallel 
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Fra, 220,—Parallel-drive helical goars, 
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drives. A parallel drive is shown in Fig. 220 and an angular drive 
is shown in Fig. 221. This type of gearing must never be run dry. 

When designing a pair of parallel helical gears the angle is 
made such that the point A on the center of one tooth will be 
about opposite point B on the tooth next to it. Any angle that 
will approximately fulfill this 
condition will be proper for 
parallel helical gears. 

End Thrust in Helical 
Gears.—Both the parallel and 
the angular helical gear drives 
produce end thrust and suitable 
thrust bearings should be pro- : 
vided to receive this thrust. 

For very light thrusts, plain g f Pini 6 

thrust washers are suitable, eae 

but if the thrust is considerable, Fia. 221.—Angular-drive helical gears. 
ball or roller thrust bearings are used. Helical gears, if properly 
made and mounted, run more quietly than spur or bevel gears. 
‘The 141¢-deg. pressure angle is best for helical gears. 

Formulas for Helical Gears.—The following formulas will 
provide sufficient data to design helical gears: Let 

N = number of teeth in the gear. 

n = number of teeth in the pinion. 








¢@ = angle of helix on the gear. 

6 = angle of the helix on the pinion. 

P = pitch of the cutter. 

D = pitch diameter of the gear = Pian 

d = pitch diameter of the pinion = Peat 

B = shaft angle. 

C = center distance between gears = g - a 

OD = outside diameter of the gear = D + 3 

2 


od = outside diameter of the pinion = d + 


2.157 
aN 


P 
W = whole depth of the tooth = 
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Example.—To draw a pair of parallel helical gears, 1414-deg. pressure angle, 
where 


P=6. 
@ = 20 deg. 
6 = 20 deg. 
N = 90. 
n = 30. 
Then for the gear, 
D= gi. = 15.962”. 
cos @ 
2 1 te 
= 5 = ~ = 16.2953”. 
OD =D+ P D+ 3 16 
2.157 — 2.157 iy 
= 2 = —— = 0.3595". 
W= P 6 0.35 


The value for d is calculated in a similar way for the pinion as 
may be seen by comparing the formula for D with that for d. 


The value for the whole depth W is exactly the same for both th 


gear and the pinion. The details should be drawn separately, 


not shown meshed together, as in Fig. 220. 


-8758" 





je ‘A - ; 
eas /4% pressure angle 


Whole depth of tooth =.2696"— 


Fig. 222.—Drawing of helical gear. 


A few teeth are shown in Fig. 222 but as in spur gear 
this is unnecessary except for some special reason. The line 
however, in the side view, must always be shown to indicate t 
angle of the helix and to show the direction of inclination of t 


helix. 
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Example.—To draw a pair of helical gears 1414-deg. pressure angle, whose 
shafts are at an angle of 60 deg. with each other and where 


P=8. 

N = 99, 

n = 33. 

B = 60 deg. 
6 = 30 deg. 


As a preliminary step in the design of these gears a sketch such as shown in 
Vig. 221 should be drawn to scale as this greatly assists in determining the helix 
angle of one gear when the shaft angle 6 and the helix angle of the other gear 
are given. Having found the helix angle of each gear we are ready to use the 


formula. 
= N it a 
= Peos¢ = 14.289’, 
d=" ~ 4.7681", 
COS 0 


OD =D +2 = 14.539”, 


od = d +3 = 5.0131”. 


= 2157 % 
W= —p— = 0.2696”. 
C= at¢ = 9.52605”. 


Worm Gears.—Properly designed worm gears are smooth- 
== cting and provide considerable reduction in speeds. The worm 
ssanay have one or more threads, one to six threads being the average 
marange. 

Pressure Angle for Worm Drives.—Figure 223 is a typical worm 
e=lirive, and is drawn with a pressure angle ¢, equal to 1414 deg. 

Much study has been devoted to worm-drive problems in 
menccent years and it has been found that a pressure angle consider- 
resvbly greater than 1414 deg. is desirable for increased efficiency and 
«—lurability. A pressure angle of 30 deg. is used with much success; 
@® he advantages given below result from its use: 


1. It eliminates undercutting on high helix angles. , 

2. It permits the use of high helix angles and this is desirable because high 
| \elix angles make for worm-gear efficiency. 

3. The included thread angle 0, being 60 deg. instead of 29 deg., results in 
(ewe stronger tooth, 

4, The tooth being stronger, a finer pitch may be used for a given amount 
cof wark done. 

5. A finer pitch results in more teeth in contact and an increase in the power 
(—ransmitted, 

6, The lubrication conditions are improved by the use of this type of tooth, 
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There are, however, a great many drives still made with the 


1414-deg. pressure angle, and we shall therefore give the formulas . 


sovering each type. 
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Fic. 223.—Typical worm-gear drive. 


Formulas for the 1414-deg. Worm and Gear.—The formulas 
below are for a worm and gear having a 14!4-deg pressure angle, 
Let 

P = liner pitch of the worm and circular pitch of the gear. 
n = number of threads in the worm. 

N = number of teeth in the worm gear. 

8 = helix angle of worm and cutting angle of worm gear, 


normal circular pitch = P cos B. 
addendum » 0.3183P, when £ is less than 15 deg. 


NP 
D = pitch diameter of worm gear = au 
@ = 1444 deg. 
L = lead of worm = nP. 
6 = 29 deg. 
P, 
A 
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A = addendum = 0.3183P,, when 6 equals or exceeds 15 
deg. 

d = pitch diameter of the worm = 2.4P + 1.1. 

od = outside diameter of the worm = d + 2A. 

O = throat diameter of the worm gear = D + 2A. 

W = whole depth of worm thread = 0.6866P, when 8 is less 
than 15 deg. 

W = whole depth of worm thread = 0.6866P,, when B 
equals or exceeds 15 deg. 


F = face of worm gear = not more than Q 


5° 
tan B = s 
r = radius of worm gear throat = OG 2A. 


2 
C = center distance between worm and gear = Dra. 
rd = root diameter of worm = od — 2W. 

Sharp corners c are rounded off from the gear and the outside 
diameter O; scaled from the drawing. 

The thrust of the worm and gear should be taken up by suitable 
ball or roller thrust bearings. The worm gear should not have 
less than 30 teeth. Worm and gear should be constantly lubricated 
with a good grade of oil. 

Drawing the 1414-deg. Worm and Gear.—Let it be required to 
raw a worm and gear to the following specifications: 

Right-hand double-thread worm, 60-tooth worm gear, 0.750-in. 
pitch. Then 

P = 0.750 in. (given). 

n = 2 (given). 

L = nP = 1.50 in. 

d i + 1.1 = 2.90 in. 


tan 8 = —— = 0.16464 = 9° 21’. 


Bis less ie 15 deg., therefore formula for A = 0.3183P and 
formula for W is 0.6866P. 
A = 0.3183P = 0.2387 in. 


W = 0.6866P = 0.51495 in. 
od = d+ 2A = 3.3774 in, 
rd = od — 2W = 2.3475 in. 
N = 60 = (given), 
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D= Nt = 14,3239 in. 
r= w — 2A = 1.2113 in. 
C= pte = 8.6119 in. 
d Di 
F = not more than a? SAY Ig in. 


O =D+2A = 14.8013 in. 
Cast iron and §.A.E. 65 phosphor gear bronze are the materials 
most commonly used in the manufacture of worm gears. The 
worm is usually made of steel and pack-hardened. The worm and 

gear should be housed to keep out all dirt. 
Formulas for the 30-deg. Worm and Gear.—The formulas given 
below are for a worm and gear having a 30-deg. pressure angle. The 
letters used are the same as those for the 1414-deg. worm and gear. 


P = given. 
n = given. 
N = given. 
L 
tan B = aS 
p =H, 
T 
o = 30 deg. 
L = nP. 
6 = 60 deg. 
d = 2.4P + 1.1. 
od = d + 0.2405P(3 cos B — 1). 
od —d 
Be Bee 
O=D+2A. . 
WD = working depth = 0.2405(3 cos B — 1)P. 
WD 
W = whole depth = WD + 10° 
d 
Bes (max.). 
r= a — 2A. 
,_ D+d 
C= 3 


rd = od — 2W. 
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Drawing the 30-deg. Worm and Gear.—Let it be required to 
draw a worm and gear to the following specifications: 

Left-hand triple-thread worm, 50-tooth worm gear, 0.500-in. 
pitch. Then 





P = 0.500 in. = given 
n = 3 = given 
N = 50 = given 
L = nP = 1.500 in 
d = 2.4P + 1.1 = 2.300 in. 
i 
tan B = > 0.20759. 
B = 11° 44’ 
D= oe 7.957 in. 
T 
o = 30 deg. = given. 
6 = 60 deg. = given. 
od = d + 0.2405 P(8 cos B — 1) = 2.5329 in. 
ho x @ _ 0.11648 in. 
0 =D+2A = 8.1899 in. 
WD = 0.2405(38 cos B — 1)P = 0.23296. 
W=WD+ We = 0.2562 in. 
d : 1 ‘ 
F= 5s 1.15 in., say Vy in. for even fraction. 
r= a — 2A = 1.0335 in. 
C = center distance between worm and gear = pie = 


5.1285 in. 
rd = od — 2W = 2.0205 in. 
The details of worm and gear should be drawn on separate 
sheets but on the detail of the worm gear the center distance 
between the worm and the gear should be given. 





CHAPTER X 
CLUTCHES 


Most machines carry some kind of clutch. These are used to connect 
and disconnect the machine from the source of power which drives it, or to 
connect and disconnect different mechanisms on the same machine. 

Clutches may be divided roughly into two classes: positive clutches, 
which drive with no slippage whatever, and friction clutches which depend 
upon the pressure between two or more surfaces of the clutch members to 
transmit motion from the driving to the driven member. 


Positive Clutches.—Simple examples of a positively driven 
clutch are shown in Fig. 224 at A and B. It is usually referred to 
as a toothed or jaw clutch, and is suitable for heavy loads and 
very low speeds. The teeth are sometimes made square as shown 
at A but are more often made with a slight taper on the sides of 
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Fig. 224.—Two forms of positive-type clutch. 











the teeth as shown at B. The included angle of the sides of the 
teeth should not be more than 6 or 8 deg. It is clearly seen 
that no slipping can occur between the two clutch members. 

An assembly of a positive clutch is shown in Fig. 225. Shaft A 
is the driving shaft of the machine, and B is one of the bearings. 
A gear C is fastened to the shaft with a key K, and this gear 
meshes with one or more other gears, not shown, which impart 
motion to other shafts on the machine. 

On the hub of gear C is one-half of the clutch; the other half D 
which carries a pinion on one end is free on shaft A. Gear FE is 
mounted on a pulley shaft (not shown) which supplies the power 
necessary to drive the machine, 
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A circular groove is cut in the body of D to receive clutch lever 
blocks H which are mounted on studs M in the clutch lever F. 

The clutch lever is fulerumed on stud G and serves to throw the 
clutch member D in and out of engagement with the toothed hub 
of gear C. 

The gear portion of D is made wider than the gear FE so that 
when D is moved to the right far enough to disengage the clutch 
teeth, the gears D and £ will still be in full mesh. 

This type of clutch should be used on very slow speeds since 
considerable shock would result from an attempt to suddenly 








Section P-P 
Fig. 225.—Assembuiy of positive-type clutch. 


accelerate the driven member. The larger the masses involved 
the slower the clutch should be run. 


Problem.—Design and detail a positive clutch of the type shown in Fig. 225, 
with the following specifications: 

a. Clutch to be mounted on a 114-in. shaft. 

b. Clutch gear C to have 56 eight-pitch teeth of 1414-deg. pressure angle 
and a 1-in. face. One hub to be 3 in. outside diameter and to have eight square 
clutch teeth cut in it. Gear to be keyed to shaft. 

c. Sliding clutch member D to have eight square teeth to match those in 
the hub of clutch gear C, a grooved body to receive the clutch lever blocks H, 
and a 15-tooth, six-pitch, 1414-deg. pressure-angle gear with a face wide enough 
to insure full mesh with a 1!<-in. face gear E at all times. This part to be free 
on the shaft. 

d. Cluteh lever to throw sliding clutch in and out of engagement. 

e. Clutch blocks for clutch lever, 


Disk Friction Clutch.—An example of this type of clutch is 
shown in Fig. 226, The pulley @ is mounted on bushing H and 
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is made to keep its proper position on the shaft by means of bush- 
ing H and collar T which are pinned to the shaft. 

The friction disk H has a leather facing L fastened to its outer 
edge and it also has a clutch hub C fastened to it by means of screws 





Sechon x—x 








Fia. 226.—Disk friction clutch. 


M. The disk £ is prevented from rotating on the shaft by means 
of a key K, but it is so fitted to the key as to permit axial motion 
along the shaft, 
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A spring S is mounted over the hub of # and inside of C and is 
backed by a collar J which is pinned to the shaft. The lever and 
blocks are similar to those shown in Fig. 225. The parts C and # 
may be cast in one piece if the recess into which the spring goes is 
not too narrow to core easily. 

This clutch is so designed that the spring S is always tending 
to keep the friction members in an operating position, the lever 
A being utilized for disengagement. 

The pulley G receives its power from a countershaft, and runs 
freely on bushing H when the clutch is disengaged. When the 
clutch is engaged the members C, D, E, G, H, J, K, T, S, and L 
rotate together and as the axial thrust due to the spring is finally 
received by collar J and the head of bushing H, which are pinned 
to the shaft, there is no end thrust against the bearings R and V. 
This self-contained feature is very often desirable in friction clutches. 

There is friction between collar J and bearing V when the 
clutch lever acts to throw the clutch out of engagement, but this 
only serves to help stop the shaft, and as the shaft rotates for but a 
very short period of time after the clutch is disengaged, no damage 
is done. It is good design, however, to place a thrust washer W 
between the bearing and the spring collar. 

Provisions should be made for oiling the loose pulley and 
the sliding clutch, but the oil should not be allowed to come into 
contact with the friction leather L. 

The friction disk Z and the hub C should be as light as possible 
and the bearings R and V should be close together. This mini- 
mizes shaft vibrations and deflections and makes for a smoother 
acting and more efficient clutch. 

When there is a choice of shafts upon which a clutch can go, 
it is usually preferable to mount it on the fastest shaft, as by so 
doing smaller clutch proportions may be used. If the speed is 
fairly high, the clutch should be carefully balanced. 

The elutch should never be so designed that the spring bears 
against one stationary and one rotating member. Ample bearing 
length should be provided for the sliding clutch member. 

Disk Friction Clutch Formulas.—Let 

D = mean diameter of clutch facing, in inches. 

P = axial spring pressure, in pounds. 

pw = coefficient of friction. 

R = revolutions of shaft per minute, | 
HP = horse power, 


i 
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The coefficient of friction varies widely for different combinations 
of materials. For leather on dry cast iron it is about 0.300. 
The pressure per square inch on leather should not exceed 20 lb. 


Problem.—Design and detail a disk friction clutch, of the type shown in 
Fig. 226, for a 114” shaft running at 500 revolutions per minute. Mean diameter 
of friction leather to be 6”, coefficient of friction to be taken as 0.300 and the 


clutch to transmit 1 horse power. The value of P to be determined from the 
data given. 


Cone Friction Clutches.—Figure 227 is a clutch of the same 
general design as that of Fig. 226, except that its contacting 
friction surfaces are conical in form instead of being flat disks. 
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The same general points of design apply to a cone clutch as to a 
disk clutch, but the formulas are different and a few additional 
statements relative to design are necessary. 

The included angle of the cone when faced with leather should 
be about 20 deg. If this angle is made too small, the clutch will 
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not release readily, and if it is increased in size, it requires an 
increasingly heavy spring for a given capacity. 

Cone Friction Clutch Formulas.—Let 

D = mean diameter of clutch cone, in inches. 

P = axial spring pressure, in pounds. 

pw = coefficient of friction. 

R = revolutions of shaft per minute. 

¢ = half the included angle of cone. 

HP = horse power. 


PuDR 
HP = sin $126,050 
D= PuR 
sin $126,050HP. 
Pe DuR 
sin $126,050HP. 
R= PuD 


Problem.—Design a cone friction clutch of the type shown in Fig. 227, for 
a 114” shaft running at 500 revolutions a minute, 6” mean diameter of cone, 





Fig. 228. 


leather friction face, 0.300 coefficient of friction, and an axial spring pressure 
of 140 Ib. The included angle of the cone to be 20 deg. 

What horse power will the clutch transmit? Compare this result with 
that obtained from the same specifications for the disk friction clutch. It 
will be seen that the cone clutch transmits much more power for the same size 
and under the same conditions. : 

A developed drawing for the leather facing of a cone clutch is shown in 
Fig. 228. Let 

= clutch angle. 

r « radius of cone at large end, 

r,; = radius of cone at amall end, 
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Multiple-disk Clutches.—This type of clutch, shown in Fig. 
229, is used to afford a smooth, easy engagement between the 
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14g-in. draining shaft. 
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Fig. 229.— Multiple-disk clutch. This clutch is geared as follows: Clutch 487 — 8P internal; driving gear 


driving and the driven members. It also permits the clutch to be 
of a minimum size for the power to be delivered, The capacity 
of the clutch depends upon the number of disks in engagement, 
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The driving disks are connected at their outer circumference, 
and are free to move axially, while the driven disks are connected 
at their inner circumference and are also free to move axially. 
The disks of a clutch of this type should be of a uniform thickness, 
and perfectly flat. The disks are usually made of hardened and 
ground steel when run in oil, and of hardened and ground steel 
for one set and some nonmetallic material for the other set when 
run dry. 

The clutch as shown has no end thrust on bearings when running 
and is positively released. 

G is the machine shaft and receives its power through part A, 
which has a gear cut on the outside and an internal gear S, cut 
in the disk housing. 

The external gear meshes with the motor pinion, and the 
internal gear is merely a means of driving the outer disks D, which 
have teeth of the same number and pitch cut in their outer edges. 

Another gear F is either keyed to, or milled on, the shaft @. 
In Fig. 229 it is a part of the shaft and serves as a means of con- 
nection between the shaft and disks ZH, which have internal teeth 
cut on the inner edge, of the same number and pitch as those of 
gear F, 

The clutch is oiled through hole O which leads to oil holes P 
and R and to oil grooves Q. Gear A is free to rotate on the shaft, 
but is prevented from axial motion by collar H and gear F. 

Sliding clutch member K is free to move axially but is con- 
strained to rotate with the shaft by means of key N. Collar L is 
to prevent disks # from coming off of gear F when clutch is inactive. 
Pressure on the disks is produced through spring M. 

Multiple-disk-clutch Formulas.—Let 
= axial spring pressure, in pounds. 
mean diameter of clutch facing, in inches. 
coefficient of friction. 
revolutions per minute. 
= number of friction surfaces. 
horse power. 
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Problem.—Draw the details of a multiple-disk clutch to the following speci- 
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fications: 
a. Gear A to have 64 eight-pitch teeth for the external portion, and 48 


eight-pitch teeth for the internal portion; both to be 1414-deg. pressure angle. 
b. Disks D to have 48 eight-pitch, 14!¢-deg. pressure-angle teeth cut on 
their outside edges and to be 0.125” thick. The hole in these disks to be 354” 


diameter. 
c. Disks E to be 55¢”” outside diameter and to have 16 eight-pitch, 141¢-deg. 


pressure-angle internal gear teeth cut in the center of the disk. The disks 


be 0.125’ thick. 
d. Shaft G to have a 16-tooth, 8-pitch, 1414-deg. pressure-angle gear cut on it 


e. Using the formulas given above and assuming a spring pressure of 140] 
and a coefficient of friction 0.08, determine how many plates will be necessary 


to transmit 114 horse power. 
f. Use scale on Fig. 229 for general proportions not specified, being caref' 


to provide clearances where they show in the assembled drawing. 
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Fig. 230.—Flanged coupling. 


Flange couplings are used to join two adjacent ends of shaftingy 
They are used on shafting from a 1-in. diameter up to a 12-in 
diameter, and are usually of steel or cast iron. The coupling 
finished all over and the bolt holes are reamed to take finish 
bolts which exactly fit the holes, thus insuring that each bolt ta 
its share of the load, 

Figure 230 is a flanged coupling and Table 45 gives proporti 


for this type. 
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TasBLe 45.—F.LancEe CovupLines 























| Bolts Size of 
d D| K G A Cc me 
B F\| J |\E square 
No. | Diam key 
4| au). 3%] 11 Z 
ie 2)4| 1 34 Mol 34 *46| %2| lds} M4) 5 36 M4 
14 5 | 234) 2 346} 1346) 14 38 | %2| 1%) M4] 5 WY 4 
1g 6 | 334) 2 56 | 1546) 14 Wo) 22} 24) M4} 5 16" 3g. 
134 LZ. Ws ly oy . 
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Compression couplings are also used to join adjacent ends of 
shafting and one type is shown in Fig. 231. 
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Fia. 231.—Compression coupling. 


. A sleeve C, tapered on both ends and split its entire length at 
is keyed to adjacent ends of the shafts. Parts A and B are exactly 
like and have tapered holes which fit over the tapered ends of the 
sleeve C, Bolts pass through parts A and B forcing them over 
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the sleeve and compressing sleeve C tightly around the shafts. 
Table 46 gives proportions for this coupling. 


Taste 46.—ConE (COMPRESSION) COUPLINGS 
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1 He | 5é| 4 34 | 284 | 26) 26) 26] 3%) 5 | | 38 * 
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q 4 
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4% 15144}13 4 | 8 634 | 676 7g | 1044] 1444] 34 4 4% 
5 : 17, (15 9 7 74 Tg | 1144) 1544] 34 4 1% 




















CHAPTER XI 
CAMS 


When a more or less complicated movement must be given a machine 
part, the desired motion is usually best accomplished with the use of a cam. 
‘The deviating course, for instance, of the thread looper of a boot- and shoe- 
sewing machine is controlled by a cam as are also the motions of machine 
parts which form wire, paper, ete., into useful shapes. 


Common Cam Types.—As a simple example consider the cam 
us a rotating metal disk with an irregular peripheral surface (see 
figure). By means of some external light pressure a small metal 
roller is kept in contact with the irregular cam surface and as the 
cam turns, the roller, being forced to follow this surface, is caused to 
pproach or recede from the cam center. The reciprocating move- 
ment of the roller thus obtained will be 
repeated for each revolution of the cam 
and the character of the motion will be 
dependent upon the form of the irregular 
surface. 

In the above example, the metal disk, 
of course, is the cam, the irregular surface —[_ 
is the working surface, and the roller with 
its attachment is the follower. 

Most cams are of the rotating type alc mel 
just described, but they may move with 
oscillating or reciprocating motion, de- : 

: Fra. 2314. 

pending upon the work to be done. 

Cams may produce in their followers, intermittent, reciprocat- 
ing or almost any irregular motion. 

Some of the common types of cams are shown in Fig. 232. A 
ix a plate cam, B a face cam, C a cylindrical cam, and D a toe and 
wiper cam. It is customary to find the path of motion of the 
follower of the plate cam and face cam in a plane perpendicular 

lo the axis of the cam while with the cylindrical cam the follower 
moves in a plane parallel with the axis, Hach of these common 
types is further described in the following pages. 
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Cam Curves.—The shape of that portion of the working sur- 
face, which is to produce motion in the follower, varies according 
to the kind of motion we wish the follower to have. It is some- 
times essential that the follower move through equal ae 
through equal straight-line distances in equal periods of time, : “ 
making the travel uniform. At other times it is more importan 






- ph ——--—-r = 
it 














- B, face cam; C, cylindrical cam; ), 
32.—Common types of cams. A, plate cam; B, 
ss and wiper cam. 


that the follower start slowly and stop slowly to produce an eas 
quiet mechanism. This is particularly desirable on rapidly rotw 
a i hcr ccudegimion of the working surface of the cam or 
working curve, as it may be called on the drawing, is based up 
few common curves which may be conveniently described in W 
is called a cam diagram, It will be seen that the cam diagram 
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merely a graphic analysis or work chart of the cam for any one 
revolution or portion thereof, the motion of the follower being 
represented on the ordinates and the revolution of the cam by the 
abscissa. 

The curves which will usually provide the desired working sur- 
face are: 


Uniform curve 
Crank or harmonic curve 
Parabolic or gravity curve 


These curves are shown in diagram in Figs. 233, 234, and 235 and 
they also are shown applied to the construction of the working 
curve in several of the cam illustrations which follow. For 


= Cc 
FITCH LINE 
° B 
UN/FORM CURVE 
Fig. 233. 


instance, the working curve of the cam shown in Fig. 236 is based 
pon the harmonic or crank curve. 

Uniform Cam Curve.—AD, Fig. 233, represents the travel of 
(the follower, and AB represents the angle the cam rotates through 
\o produce this travel of the follower. Examination of the uni- 
form cam curve EZ shows that the starting and stopping are very 
abrupt, and a less harsh motion should be employed unless the 
uniform motion is necessary to the design. 

Crank or Harmonic Curve.—This curve is very commonly 
used where uniformity of motion is not essential, but where an 
oasy start and stop are required, Figure 234 is a crank eurve 
und, as in the case of the previous curves, AD represents the travel 
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of the follower, and AB represents the angle the cam rotates through 


to produce the travel AD. o 
Drawing the Crank Curve.—On line AD construct a semicircle 


whose diameter is also AD. Divide this semicircle into a number 














CRANA CURVE. 
Fig. 234. 


of equal parts: 1, 2, 3, 4, ete. In this case but six divisions a 
used in order to simplify the explanation. 

Divide line DC into a like number of equal parts, and dra, 
from these division points, f, g, h, 7, ete., lines parallel to DA 
touching line AB. 

From points 1, 2, 3, ete., on the semicircle, draw lines parall 
to AB, intersecting lines f, g, h, ete., at points a, b, ¢, d, and 








PARABOLIC CURVE 
Fia,. 235. 


The intersecting points are then connected by a line, forming cra 
curve G. The greater the number of divisions, the more accuri 
the curve will be. 

The parabolic or gravity curve from which the follower t 
the motion of a falling body is also much used where a favora 
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start and stop are necessary. The rectangle ABCD represents the 
travel of follower and the angular displacement of the cam as in 
the previous curves (see Fig. 235). 

Drawing the Parabolic Curve.—The distance passed over by 
the follower must be proportional to the square of the time. 
Therefore, remembering that AB (Fig. 235) represents time and 
AD travel of follower it becomes necessary to lay out AD in the 
proportion 1, 3, 5, 7, ete. (and reverse for retardation). To do 
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Fie. 236.—Method of cam design. A plate cam. 


this any line AJ is thus divided, its ends connected with the travel 
line (in this case AK, which represents one-half the motion), and 
the divisions Ac, cb, ete., determined by parallels. Thus it will be 
seen that, for example, at the third time interval the point f on the 
curve (a on the travel line) is a distance 3, or 9, from the starting 
position. 

The Pitch Curve (Pitch Surface).—The pitch curve of a cam is a 
line representing the center of the cam roll in all of its positions 
around the cam, This is sometimes called the line of center of 
cam roll (see Fig, 2386), 
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The working surface is that surface of the cam against which 
the cam roll actually bears as the cam rotates. W in Fig. 236 is 
the working surface. 

The Pressure Angle.—Cams press sidewise against the follower 
roll, and the angle at which they tend to force the roll out of its 
prescribed path is called the pressure angle. This angle varies 
throughout the stroke of the follower, and cam-roll paths are 
based on the pressure angle when it is at its maximum. The 
maximum pressure angle is where line Q (Figs. 234 and 235) 
tangent to the base curve gives the greatest value to ¢. 

To determine the pressure angle graphically for any point on the 
actual working curve of a radial cam, draw a line normal to any 
point on the pitch surface and through this same point draw a 
radial line from the center of the cam. The angle formed by these 
two lines is the pressure angle at that particular point. This is 
illustrated in Fig. 236 where two different pressure angles, ¢ and @ 
are drawn. 

It is always well to keep the maximum pressure angle as low 
as possible, 80 deg. being considered by many designers as a maxi 
mum. Much higher angles may be used, but the lower angles 
permit of higher speeds and are more quiet when running. 

F. D. Furman in his book ‘‘Cams, Elementary and Advanced’ 
gives a table of constants to determine the length of line A 
(Figs. 233, 234 and 235) for a given length of follower travel AD, 
A portion of this table is given below, where f is the factor for 
given maximum pressure angle. 


TaBLe 47.—TasBLE or Cam Facrors 





Maximum pressure angles and 


values of f 
Name of base curve ___ ae 
50° 


20° | 30° 40° 





















Uniform curve 
Crank: CULVCs vcs o6 sod oe 0 Ss REN S AOOTE den eA 
Parabolic curve 


2.75 | 1.73 | 1.19 | 0.84 | 0,58 
4.32 | 2.72 | 1.87 | 1.32 | 0.91 
5.50 | 3.46 | 2.38 | 1.68 | 1,18 







According to the above table, if we wished to design a cran 
curve cam having a travel of the follower roll of 2 in., and if 
wished our maximum pressure angle to be 20 deg., the line A 
would be 2 in, and the line AB would be 2 & 4,82 = 8.64 in, 
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The Pitch Circle.—In order to determine the pitch circle of a 
cam it is necessary to consider the whole cam rather than just 
those portions which cause motion in the follower. Suppose we 
have a radial cam of the following specifications: 

Travel of follower roll = 2 in. 

Rise in 90-deg. rotation of the cam. 
Rest for 90-deg. rotation of the cam. 
Return in 90-deg. rotation of the cam. 
Rest for 90-deg. rotation of the cam. 
Crank curve. 

30-deg. maximum pressure angle. 

Our curve being a crank curve and the maximum pressure angle 
being 30 deg., we find by referring to the table of cam factors that 
the constant is 2.72. The distance AB would then be 


2.72 X 2 = 5.44 in. 


This distance 5.44 in. represents 90 deg. of the cam or the dis- 
tance AB on the cam chart, Fig. 237. The distance CD also repre- 


A B Cc D 


| 


Fig. 237.—Cam chart. 


. fe 
PITCH LINE. 


sents 90 deg. of the cam and would therefore be 5.44 in. in length. 
Distances BC and DE likewise represent 90 deg. of the cam and 
they too would be 5.44 in. in length. The total length would then 
be 4 x 5.44 in., or 21.76 in. which is the circumference of the 
pitch circle, and this figure divided by 3.1416 will give the diameter, 
which in this case would be 6.926 in. The pitch circle passes 
through the center of travel of the cam roll as shown in Fig. 236 
at Hf. 
Drawing the Plate Cam.—Let it be required to draw a plate 

cam of the following specifications: 

Radial follower. 

Travel of cam-follower roll, 2 in. 

Rest for 90 deg. 

Rise in 90 deg. 

Rest for 90 deg, 

Return in 90 deg, 
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114-in. diameter cam roll. 

Crank curve. 

30-deg. maximum pressure angle. 
Rotation clockwise. 

Draw horizontal line AB (Fig. 236), and vertical line CD. 
With their intersection O as a center draw the pitch circle which 
is equal to (2 X 2.72 X 4) + 3.1416 = 6.926 in. in diameter. 
With point FZ as a center describe the semicircle with a 1-in. radius 
which is equal to half the throw, and divide same into an equal 
number of parts. From these division points draw perpendiculars 
to line AB. 

With O as a center draw are FG, which represents the first rest 
of 90 deg. Divide the next 90 deg. of the cam into the same 
number of equal radial divisions as the semicircle, and cut these 
radial lines, a, 6, c, etc., with ares Oh, Oz, Oj, ete. Connect the 
intersection points to form the curve for the first rise. With O 
as a center draw the arc KL which represents the second rest. 
The return curve is constructed in like manner. 

The completed line thus formed represents the path of the 
center of the cam roll R. The actual working surface W of the 
cam is now produced by striking a series of 5¢-in. ares, 5¢ in. being 
the radius of the cam roll. These ares are struck with the centers 
always on the line of the center of the cam roll. 

Cams of this type depend upon a spring or weight to keep the 
cam roll in proper contact with the cam. 

Drawing the Face Cam.—This type of cam has a groove cut 
in the side so that the cam roll has a bearing on two opposite sides, 
For this reason no springs or weights are required to keep the roll 
in contact with the cam path. Figure 238 illustrates this type of 
cam. 

Specifications for a face cam: 

Swinging arm follower 10 in. long. 
3-in. travel of cam-follower roll. 
Rest for 80 deg. 

Rise in 100 deg. 

Rest for 90 deg. 

Return in 90 deg. 

1!4-in. diameter of cam roll. 
Crank curve. 

20-deg. maximum pressure angle, 
Direction clockwise, 
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It is obvious that the less number of degrees we have in which 
to complete our cam travel, the greater our pressure angle will be. 
We shall therefore calculate to obtain a 20-deg. pressure angle in the 
90-deg. return, rather than in the 100-deg. rise; the pressure angle 
in the 100-deg. rise will then be something less than the 20-deg. 
pressure angle in the 90-deg. return. 

















B 
Fic. 238.—Drawing of face cam. 


Referring to the table of cam factors we find that the constant 
for a crank curve of 20-deg. pressure angle is 4.32. The length 
of the 90-deg. return portion of the pitch-circle circumference will 
then be 3 X 4.32 = 12.96 in.; for the 80-deg. rest it will be 
8 & 12.96 = 11.52 in.; and that of the 100-deg. rise will be 
10% & 12.96 = 14.4in. The 90-deg. rest would be the same 
length as the 90-deg. return, and the total circumference of the 
pitch circle would be 12.96 + 11.52 + 14.4 + 12.96 = 51.84 in. 
This divided by 3.1416 will give us the diameter of the pitch circle 
which is 16,501 in, 
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Draw lines AB and CD (Fig. 238) at right angles to each other. 
With their intersection O as a center draw the pitch circle 16.501 
in. in diameter. From point E measure off 114 in. to the right 
and to the left along line CD. This represents the travel of the 
cam roll. 

Draw line Q tangent to the pitch circle and parallel to line AB. 
From point G as a center and with a radius of 10 in., cut line Q at 
J. This is the fulcrum point of the swinging-arm follower. 

From point J as a center and with a radius of 10 in., describe 
are K, intersecting line CD at FandG. This is the are the follower 
roll swings on. With O as a center draw a circle through point J. 

Draw a radial line from the center of cam O through point J, 
and measure off 80 deg. to the right, which represents the first 
rest; then measure off 100 deg. to the right for the first rise. 
Divide this portion into a number of equally spaced points a, }, ¢, 
etc. 

Construct semicircle for the crank curve as_ previously 
explained, but extend the vertical division lines to meet arc K at 
points 1, 2, 3, 4, 5, ete. 

From points a, b, c, d, ete., strike ares 12, 13, 14, 15, etc., with 
a 10-in. radius. 

With 0 as a center and a radius OF, cut are 12 at point Ai 
With O as a center and a radius O1, cut are 13 at point As, ete, 
Connect these points to form the path of the center of cam roll 
for the 100-deg. rise. 

Next, lay off the 90-deg. rest and then lay off the 90-deg, 
return, dividing it as was done for the 100-deg. rise and completing 
the return path in the same way the rise was laid out. 

When possible cams should be made to rotate in the direction 
of the arrow S, relative to the fulerum point J of the follower, 
This arrangement provides a smoother running cam. 

It will be seen that the follower roll in the above cam does 
not travel along a radial line, but on the arc of a circle described 
by the swinging follower arm. The cam roll does, however, start 
and stop on a radial line. 

While the diameter of the pitch circle has been calculated as in 
previous cases, the chosen pressure angle will be increased as well 
as decreased due to the fact that the cam roll travels on an aré 
instead of on a radial line. If it is found that this increase if 
greater than desired, a larger diameter of pitch circle must be used 
to reduce the maximum pressure angle to an acceptable value, 
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he pressure angle at any point on the pitch surface of cams 
dJesigned for swinging follower arms is determined graphically by 
drawing a line normal to the center line of the follower arm and 
tangent to the arc K, and from the same point on the pitch surface, 
drawing another line normal to the pitch surface. The angle 
formed by these two lines is the pressure angle at that point. 
Angles B, ¢, and 6 (Fig. 238) are pressure angles at three different 
points on the pitch surface. 

Examination of Figs. 236 and 238 will show that the cam itself 
is considered as being stationary and that the follower has been 
rotated about the cam in determining the rests and the portions 
of the path representing motion in the follower. It will also be 
seen that the angles representing these periods of rest and motion 
(see Fig. 238) are spaced off in a direction opposite the required 
direction of motion of the cam and in the order designated in the 
specifications. 

Cylindrical cams have their cam grooves cut into a cylindrical 
surface. The pressure angle varies along the length of the cam 
roll, the angle being greatest at the end of the roll next to the 
bottom of the cam groove. As in the previous cases, the pitch 
circle passes through the point of maximum pressure angle, and 
therefore the point Y (Fig. 239) marks its distance from the center 
of the cam. 

The circumference of the pitch circle is calculated from the 
table of cam factors, the same as for plate and face cams. The 
radius of the pitch cylinder is given as dimension W, and the out- 
side diameter of the cam is then 2W + 2X, where X is the working 
depth of the cam groove. 

Drawing the Cylindrical Cam.—Figure 239 is a drawing of a 
40-deg. pressure-angle cam, crank curve, 1!4-in. travel, to left in 
45 deg., rest for 45 deg., to right in 45 deg., and rest for 225 deg. 
The pitch circumference for this cam is 22.44 in., and its pitch 
diameter is 7.142 in. The radius W of the pitch cirdle i is 3.571 in. 
The cam roll to be 34 in. in diameter. 

Draw the pitch circle with a radius W equal to 3.571 in. and 
draw the circle, S, representing the bottom of the cam groove, 
using a somewhat shorter radius to provide a clearance between 
the bottom of the cam groove and the end of the cam roll, say a 
radius of 314 in. Make the working depth X of cam groove equal 
to the diameter of the cam roll; in this case this dimension will be 
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34 in. The outside diameter of the cam will then be 2W + 2X = 
7.142 + 1.5 = 8.642 in. 

Divide the circle V to represent the rests and angles of action 
and then divide those portions representing the angles of action 
into an equal number of radial divisions, A, B, C, D, etc., and 
J, K, L, M, ete. 

Draw lines a and 7 parallel to each other, and a distance 7 
apart, 7’ representing the travel of the cam which is 114 in. in 
this instance. Next, draw lines b, c, d, e, f, etc., spacing them 
according to the crank curve method. Establish a minimum for 





























Fia. 239.—Drawing of cylindrical cam. 


the wall thickness B,, of the cam groove; make it 3¢ in. in this 
drawing. The radius of the cam roll being 3¢ in., the distance C, 
between a and the face will be 34 in. Having located the face 
edges of the cam, complete the rectangle representing the side 
view. To avoid a complication of lines the center of the cam is 
shown at the top of the side view and the center of the cam groove 
at the bottom is shown at the bottom of the side view. 

To determine the path of the center of the cam groove at the 
outside surface of the cam draw horizontal lines from the inter« 
sections of lines A, B, C, D, ete., with cirele V, cutting lines 
a, b, ¢, d, ete, The horizontal line from line A to intersect line a, 
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that of line B to intersect line 6, etc. By connecting these last 
intersections, line D, is formed, which is the line sought. Repeat 
this process for the lower angle of action to obtain the path of the 
center of the cam groove at the outside surface. As stated above, 
this line is not shown in the lower angle of action. 

To locate the path of the center of cam groove at the bottom, 
a similar procedure is followed, the difference being that the 
horizontal lines are projected from points J, K, L, M, ete., at 
the bottom of the groove instead of from the outer surface of the 
cam cylinder. These projected lines cut lines a, b, c, d, etc., as 
before and a line connecting the intersections from line F;. Line 























SIDE View 
Fig. 240.—Method of locating and drawing cam groove. 


, represents the path of the center of groove, top and bottom, 
for the 225-deg. rest. 

The lines for the sides of the cam groove are located by pro- 
jecting the top and bottom of the cam roll over to its successive 
positions in the side view, and then drawing lines tangent to the 
cllipses. The cam roll as projected to the side view should be 
considered as having its base conform to the curvature of the out- 
side surface of the cam, as shown in Fig. 240. A, B, C, D, and E 
show the cam roll in successive positions throughout the angle of 
uction 0, F',G@, H, I, and J are the projected ellipses representing 
the top of the cam roll, and K, L, M, N, and J are the projected 
cllipses representing the bottom of the cam roll. Lines P and Q 
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drawn tangent to the tops of the cam roll form the lines of the 
groove at the top, and lines R and S drawn tangent to the bottoms 
of the cam roll form the lines of the groove at the bottom. 
Drawing Development of Cylindrical Cam.—A developed 
drawing of cylindrical cams is made to accompany the two views 
already described. This drawing represents the outside surface 
of the cam and shows the cam groove more clearly than can be 
done in the views. This developed drawing, if made full size, 
would wrap around the cam exactly, and depict the outline of the 
groove at the outside surface of the cam. A developed drawing of 
a cylindrical cam is shown in Fig. 241. For the cam just drawn, 
the total outside circumference would be 27.1497 in. ; 3.3937 in. for 


“ . 
19.44 Circumference 











Fig. 241.—Cylindrical cam development. 


motion to left, motion to the right, and for the 45-deg. rest; and 
16.9685 in. for the 225-deg. rest. 

Offset Follower Cam.—lIn this type of cam the follower moves 
in a path which is not on the center line of the cam. The pressure 
angle for cams of this type is based on the follower roll in a position 
nearest the center of the cam. The maximum pressure angle will 
be at some other point on the cam, and cannot be determined 
previous to making the drawing. Figure 242 shows an offset 
follower cam. 

Drawing the Offset Follower Cam.—Given the following 
specifications: 

Crank curve. 

2-in. travel of follower roll. 
Rise in 90 deg. 

Rest for 90 deg. 

Return in 90 deg. 

Rest for 90 deg, 
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30-deg. pressure angle when follower roll is nearest center of cam. 
2-in. diameter cam roll. 
A crank curve being specified and the angle of action being 
90 deg., the diameter of the pitch circle will be 2.72 x 2x 4 
divided by 3.1416 = 6.926 in. Draw the pitch circle and lay off 
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Fia. 242.—Offset follower cam. 


the pressure angle ¢, as specified for the follower roll in its position 
nearest the center of the cam. From point A where line OC 
intersects the pitch circle, draw a line JD parallel to line BO, and 
with O as a center draw a circle DEFG tangent to line JD. 

With A as a center draw the semicircle K equal in diameter to 
the travel of the follower roll and divide for crank curve divisions. 
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Sections DE and FG of the circle, tangent to line JD is now 
divided into the same number of equal radial parts as was the semi- 
circle K, and lines are drawn at right angles to their extremities 
and tangent to circle DEFG. 

With O as a center and radii 01, Oz, Os, etc., cut these last lines 
at points a, b, c, d, e, etc. Connect by a curved line to obtain 
path of center of cam roll L. 
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Fic. 243.—Drawing of toe and wiper cam. 


The return is plotted in the same manner and the working sur- 
face of the cam is defined by striking 1-in. radii from the center 
of cam roll path. 

Toe and Wiper Cams.—This type of cam is designed to oscillate 
through a small angle and cannot be used on rotating shafts, 
The pressure angle is not considered in these cams, 

Drawing the Toe and Wiper Cam.—Let it be required to draw & 
toe and wiper cam to the following specifications: 
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Cam, or wiper, to act through 60-deg. angle. 

Follower, or toe, to have a 3-in. travel. 

Gravity motion of follower. 

Draw a circle K (Fig. 248) representing the hub of the cam. 
For a cast iron cam this is usually made twice the diameter of the 
shaft. Next, lay off the travel AH equal to 3 in. and divide it 





‘according to parabola requirements, ABCDE. 


Lay off the angle of action ¢ equal to 60 deg., and divide into 
the same number of equal parts that the travel was divided into. 








Fia. 244..—Uniform-motion cam. 


From point B draw are BB,, and from point B, draw line 
BB, at right angles to line OB. 

From point C draw are CC, and from point C, draw line C,C2 
at right angles to line OC;. Repeat this for points D and EF and 
draw curve tangent to lines B,B., CiC2, DiDs, and E,H»2, adding a 
small arbitrary amount beyond point FZ. 

Uniform-motion Cam.—This type of cam is drawn as any other 
plate or face cam is drawn. The travel of follower roll 7 is divided 
into a number of equal parts, as shown in Fig. 244, and the angles 
of action are divided into a like number of equal parts. The cam 
shown is a heart cam of 1!4-in, travel, 180-deg. rise, and 180-deg. 
return, with no rests and a L!g-in, diameter cam roll, 
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Uniform-motion cams may be made with any desired rests or 
angles of action, and need not be heart-shaped. 

Space Limitations.—It is often necessary to design new cam 
motions for machines already built, and in such cases there are 
definite space limitations within which the cam must operate, 
When such conditions are encountered and when the available 
space is too small for cams based on the factors given in Table 47, 
it becomes necessary to ignore the rules relative to the pite 
circle and by trial contrive to reduce the size of the cam to suit th 
space restrictions. This is done by making the outside diamete 
of the cam as large as space permits and working toward the cente 
of the cam in our design. 

For a given cam-roll travel and angle of action, a small ca 
will produce a larger pressure angle than will a larger cam. I 
the pressure angle is found to be objectionably large, the cam-ro 
travel, and consequently the pressure angle, may be reduced if th 
follower motion is increased by suitable leverage. 





CHAPTER XII 
PIPING 


Piping is used for the conveyance of fluids such as steam, gas, water, oil, 
etc. Its use for such purposes in a large amount of the machinery produced 
today makes it necessary that the machine draftsman have some knowledge 
of pipe and pipe fittings and the manner of drawing and dimensioning them. 
The great variety of material, fittings, and pressures at present used in piping 
systems forbids anything but a brief treatment of the subject here. 


Pipe Materials.—It is probable that nature provided the first 
readily available material for piping in the stem of the bamboo 
tree, and bamboo is still used to some extent in tropical countries 
for temporary work. In the Middle Ages logs of spruce and pine 
were bored to make them suitable for pipe service, a practice 
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I'tq, 245.—Drawing of valve used with wooden water pipes in Philadelphia, 1801-1844. 


which was continued until late into the 19th century (see Fig. 245). 
Wooden pipe was gradually supplanted by cast-iron pipe and today 
cast iron is in common use for water mains. 

Cast-iron pipe, because of the possibility of weakness, due to 
the nature of the material, is used chiefly for such low-pressure, 
construction as water and gas mains, plumbing lines and sewage 
disposal plants. The addition of small quantities of nickel, 
chromium, etec., to the iron provides greater strength and resistance 
to corrosion and therefore makes it more suitable for underground 
and submerged service, 
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Steel Pipe.—The modern tendency toward high pressures and 
high temperatures has been an important factor in the develop- 
ment of steel pipe. It is not uncommon among power plants to 
find pressures ranging to 1,400 Ib. and 750°F. temperature, and 
in more specialized fields even higher ranges. Butt- and lap- 
welded steel pipe is not so strong as seamless steel tubing which is 
made from solid billets by piercing and then drawing. The relative 
strength of steel pipe and tubing is shown in Table 48. For steam 
piping the factor of safety should not be less than six. 


TaBLe 48 





Relative strength, | Average bursting stress, 


Method of manufacture 














per cent pounds per square inch 
Butt weld.............. 73 41,000 
Top weld............... 92 52,000 
Seamless tube........... 100 62,000 





Carbon steel gives excellent service at normal temperatures, 
but resistance to corrosion at high temperatures is increased by 
the addition of alloying elements such as nickel and chromium, 

Brass Pipe.—Seamless drawn brass pipe is used for hot-water 
lines, condenser tubing, and in any construction where corrosion is 
likely to be excessive for iron or steel. It is generally used in small 
sizes and where the extra expense is warranted. 

Copper pipe is not suitable for high temperatures and repeated 
stresses. Its flexibility and resistance to the corrosive action of 
chemicals are important factors in its usefulness. 

Lead pipe and lead-lined pipe are serviceable where acids are 
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used. 
molten zine thus giving the pipe a silvery coating. Galvanizing 
kes the pi 
OIL OZ prevents rust and makes the pipé@ 
veyance of drinking water. 
Pipe Joints; Couplings.—The 
Fic. 246.—Plain and right- and left- to end, is by means of couplings sue 
eouptnie. as those shown in Fig. 246. Plai 
couplings are threaded right and left hand and supplied with ba 
cast across the outside surface to distinguish them from the plai 


Galvanized pipe is made by dipping iron pipe in a bath of 
| ei more suitable for use in the cons 
Anan | 
lod simplest method of joining pipe, end 
couplings are threaded right-hand at both ends, while right-and-lef 
couplings. 
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Unions.—In laying out pipe lines care must be taken to make 
it possible to ‘‘break”’ the line for purposes of repair, etc., without 
disconnecting all joints up to the required point. This is accom- 
plished with unions (Fig. 247) classified either as nui unions or 
flange unions. 

A nut union consists of two open-ended parts, each of which is 


‘screwed on to the pipe, and a third part, the nut, which is used to 
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Fig. 247.—Nut union and flange union. 


draw the other two parts tightly together. Gaskets may be used 
between the mating faces of the union if necessary. 

Nut unions are not ordinarily used in sizes over 2 in. For the 
larger sizes the more substantial flange unions are desirable. These 
consist of flanges which are usually screwed on to the pipe ends and 
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Fia. 248.—Fixed-flange joint. 


then in turn bolted together. 
placed between the flanges. 
There are many types of flange joints, but two have out- 
standing features and are in common use. 
1, Fixed-flange joints (I’ig, 248) in which the flange is rigidly 
attached to the pipe by either screwing or rolling the pipe securely 
into the flange and seal welding the joint at the back of the flange, 


The joint is made tight by gaskets 
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2. Lap (Van Stone)-flange joints (Fig. 249) in which the end 
of the pipe is forged and machined so that the seat is made against 
a continuation of the inside wall of the pipe, usually by means of a 
gasket. 

Fixed-flange joints are used extensively where pressure and 
temperature conditions are not too severe, but their use involves 
some trouble in assembly owing to difficulty in alignment of bolt 
holes. In high-pressure—high-temperature conditions screwed- 
flange joints are not considered satisfactory in sizes larger than 2 in. 
because of the danger of the thread connection becoming loosened 
in service owing to unequal expansion of the pipe and flange, 


Gasker 





Fia. 249.—Lap (Van Stone)-flange joint. 


resulting in compression of the male thread and stretching of the 
female thread. 

Lap joints, having loose flanges, although slightly more expen= 
sive than the fixed-flange type, offer the following advantages} 


1. The pipe wall has full strength being unweakened by the cutting of pipe 
threads or by excessive rolling. ; 

2. The joint is sealed against the inside wall of the pipe preventing any 
possibility of leakage through the bore of the flange. 

3. The flanges are loose and can therefore be readily swiveled to bring the 
bolt holes into alignment. 

4. The stresses in the flange itself are reduced because the flange is not sub» 
jected to torsional and bursting stresses introduced in making up a screwe 
joint. 

Welded joints (Fig. 250), although not sanctioned for high» 
pressure—high-temperature steam construction, are giving satise 
factory service in the oilindustry. In this type of joint dependene@ 
is placed on the weld for both sealing the joint and carrying the 
pipe line stresses. 

Cast-iron pipe of good quality and in small sizes may 
joined by threading and plain coupling. It is more comme 
practice, however, to use a ‘‘bell and spigot”’ joint as shown at 
in Fig. 251 or flanged ends as shown at II in the same figu 
When the bell type is used, the joint is caulked with molten lew 
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and when flanges are used, the butting ends are tightened against a 
soft gasket. 

_Pipe Sizes.—Pipe manufacturers have standardized upon the 
thickness of wrought-iron and steel pipe to include three classes 
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Fie. 251.—Cast-iron pipe joints. I. Bell and spigot. II. Flanged. 


4G15 " 


“” 


ne 





1a, 252.—Comparison of pipe sizes. “Standard,” “extra strong,” and ‘double extra 
strong,’’ actual size. 


which are rigidly adhered to in production. In Fig. 252 the 
relative thickness of 1-in. standard, extra strong and double extra 
strong pipe is compared. Table 49 shows the relative strength 
of wrought steel or iron pipe in the three thicknesses and is based 
on pipe mill tests used to detect defects in welding, 
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Taste 49.—AVERAGE oF Pipe Mint Tests ror WELDED Pipx! 
Hydrostatic pressures expressed in pounds per square inch 























Standard | Extra strong Double extra strong 

Type of _= 
weld | Pipe size, Testing Pipe size, Testing Pipe size, Testing 
in. pressure? in. pressure? in. pressure? 

Butt..... 1g to3 | 700 to 800 |  to3 700 to 1500) 14 to 244} 700 to 2200 

Lap..... 2 to 12 | 600 to 1000 2 to 12 | 1100 to 2500) 2 8 2000 to 2500 























1From Walworth Co., Boston. 
2Strength varies with size of pipe. 
Standard pipe, used for normal pressures, is furnished in sizes 
1g to 12 in. (nominal size) inclusive, in random lengths, threaded 
at both ends, and supplied with a plain coupling on one end, 
Dimensions of standard pipe will be found in Table 50. 


Taste 50.—STANDARD WROUGHT-IRON OR STEEL Pipe! 














Nominal Actual ne Approx. Nominal No. of Content 
inside outside 2 inside weight threads 
= ° thickness, . Zi gallons 
diam., diam., : diam., per foot per inch 
3 ; inches ; per foot 
inches inches inches pounds of screw 
K 0.405 0.068 0.269 0.24 27 0.0006 
4 0.54 0.088 0.364 0.42 18 0.0026 
3g 0.675 0.091 0.493 0.56 18 0.0057 
74 0.84 0.109 0.622 0.85 14 0.0102 
34 1.05 6.113 0.824 1.13 14 0.0230 
1 1.315 0.133 1.049 1.68 114% 0.0408 
14 1.66 0.140 1.380 2.28 1144 0.0638 
14 1.90 0.145 1.610 2.73 1144 0.0918 
2 2.375 0.154 2.067 3.67 114 0.1632 
24 2.875 0.203 2.469 5.81 8 0.2550 
3 3.50 0.216 3.068 7.61 8 0.3673 
38% 4.00 0.226 3.548 9.20 8 0.4998 
4 4.50 0.237 4.026 10.88 8 0.6528 
5 5. 563 0.258 5.047 14.81 8 1.020 
6 6.625 0.280 6.065 19.18 8 1.469 
& 8.625 0.277 8.071 25.00 8 2.659 
8 8.625 0.322 7.981 28.80 8 2.611 
10 10.75 0.307 10.136 35.00 8 4.190 
10 10.75 0.365 10.020 41.13 8 4,081 
12° 12.75 0.330 12,090 45,00 8 5, 907 
12 12.75 0,875 12,000 50,76 8 5,87 




















' Walworth Ca, 
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Extra strong pipe is used for high gas, steam, and hydraulic 
pressures, and is furnished in sizes 1g to 12 in., inclusive, and in 
lengths up to 22 ft. It is shipped with plain ends and without 
couplings (Table 51). 


Taste 51.—Exrra Stronc Wrovcut Iron or Srexw Pree! 











Nominal inside | Approx. inside | Actual outside | Approx. thick- |Nominal weight 
diameter, inches | diam., inches | diam., inches ness, inches per foot, pounds 
K 0.215 0.405 0.095 0.31 
ZA 0.302 0.54 0.119 0.53 
36 0.423 0.675 0.126 0.73 
4% 0.546 0.84 0.147 1.08 
34 0.742 1.05 0.154 1.47 
1 0.957 1.315 0.179 2.17 
1% 1.278 1.66 0.191 2.99 
1% 1.50 1.90 0.200 3.63 
2 1.939 2.375 0.218 5.02 
2 2.323 2.875 0.276 7.66 
3 2.90 3.50 0.300 10.25 
3% 3.364 4.00 0.318 12.50 
4 3.826 4.50 0.337 14.98 
5 4.813 5.563 0.3875 20.77 
6 5.761 6.625 0.432 28.57 
8 7.625 8.625 0.500 43.38 
10 9.75 10.75 0.500 54.73 
12 11.75 12.75 0.500 65.41 














1 Walworth Co. 


Double extra strong pipe, suitable for extremely high pressures, 
is manufactured in sizes 1g to 12 in. and in lengths up to 22 ft. 
Table 52 gives dimensions of this pipe. 

Wrought-iron and steel pipe of 12-in. size and under is known 
by its nominal size. It will be noted from Fig. 252 that the out- 
side diameter remains the same for all three classes. This is done 
so that only one size of fitting will be needed to connect the three 
thicknesses, for the same nominal size of pipe. 

Pipe which is larger than 12-in. size is specified by its outside 
diameter and is known as O.D. pipe. Pipe is manufactured up to 
96 in. in diameter, 

Cast-iron pipe ranges in size from 2 to 48 in. and will take 
pressures up to 350 Ib, per square inch, Standard dimensions of 
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‘‘bell-and-spigot’’ and flanged pipe may be obtained from any 
handbook. 

Pipe Threads.—American national taper pipe threads differ 
from ordinary American national threads chiefly in that pipe 
thread tapers 34 in. per foot or 1{, in. per inch and also in the 
number of threads per inch. Pipe thread is tapered so that the 
pipe may be made to fit snugly into the fitting and thus provide 
against leakage. 


Tasie 52.—Dovus.iEe Extra Strona Wroucut Iron or STEEL Pips! 






















Nominal inside | Approx. inside | Actual outside | Approx. thick- | Nominal weight 
diam., inches diam., inches | diam., inches ness, inches |per foot, pounds 

% 0.252 0.84 0.294 1.71 

3% 0.434 1.05 0.308 2.44 

1 0.599 1.315 0.358 3.65 

1% 0.896 1.66 0.382 5.21 

1% 1.100 1.90 0.400 6.40 

2 1.503 2.375 0.436 9.02 

2 1.771 2.875 0.552 13.69 

3 2.300 3.50 0.600 18.58 

3% 2.728 4.00 0.636 22.85 

4 3. 4.50 0.674 27.54 

5 5.563 0.750 38.55 

6 6.625 0.864 53.16 

8. 0.875 72.42 








1 Walworth Co. 


A drawing of the American national taper pipe thread is shown 
in Fig. 253. JL, is the length of effective thread, L;, is the normal 
distance a pipe fitting can be screwed on by hand, and L; repre- 
sents 3 to 4 imperfect threads due to lead of die. 

D, = outside diameter of the pipe. 

D, = pitch diameter at gaging notch. 

D, = pitch diameter at end of pipe. 


8B 8 


D,», = minor diameter at the end of ee 
g = amount of flat thread. 
h = depth of thread, and 


P = pitch. 
Formulas for these dimensions are as follows: 
D, = given in table of pipe sizes. 
L, = P(0.8D, + 6.8). 
D, = D, — (05D, + 1.1)P.. 
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D, = Dy + 0.06252, 

h = 0.8P. 

g = 0.033P. 

Table 53 gives the dimensions of American national taper pipe 
threads. 

Pipe Fittings.— Fittings are used for joining lengths of pipe and 
for making outlets, turns, and various connections. There are 
two general classes, screwed fittings and flanged fittings. To 
meet all conditions of service five different metals, cast iron, 
malleable iron, cast steel, forged steel, and brass are used. When 
selecting fittings strength must be figured to include such stresses 





Tgoer ib es 
Tach ber 


Fig. 253.—American Standard taper pipe-thread section. 


as come from the weight of piping, sagging, expansion, and contrac- 
tion, as well as the internal stresses. 

Plain standard screwed fittings are used for light work, as in 
house plumbing and guard rails, while the stronger-banded type 
are used for steam, gas, and oil at somewhat higher pressures. 
Tables 54 and 55 give the dimensions of straight sizes of cast-iron 
screwed fittings for maximum working saturated-steam pressures 
of 125 and 250 lb. per square inch, as approved by the American 
Engineering Standards Committee. Malleable-iron fittings have 
approximately the same dimensions but are somewhat lighter. 

Flanged fittings are used where pressures are high and where 
the pipe is necessarily large, thereby imposing a considerable 
weight on the fitting. Tables 56, 57, and 58 are for cast-iron 
flanged fittings for steam pressures of 125 lb, per square inch, 
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All dimensions in inches 


ee. 


Tape 54.—AMERICAN STANDARD 125-LB. SCREWED FrrrIncs—DIMENSIONS OF 
Exzows, 45-pec. Erpows, Tres, AND Crosses (STRAIGHT SIZES) 
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A form of globe valve used as early as 1801 on the Phila- 


types. 
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delphia water mains is shown in Fig, 245, 
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designed to carry pressures up to 1,400 lb. per square inch and 
temperatures as high as 750°F. 


TABLE 55.—AMERICAN STANDARD 250-LB. SCREWED FirTiINGs—DIMENSIONS OF 
Exsows, 45-pEG. ELnows, Tees, AND Crosses (STRAIGHT S1zEs) 
All dimensions in inches 

















iooe Center : : Outside 
nal each Center | Length | Width Inside diameter Metal diametel 
pipe ene, | to end, of of of fitting thick- |" 
size SIRO , 45-deg. | thread, | band, ness, e 
tees, and : 5 Sj ee band, 
elbows min. min. ; min. é 
crosses | Min. Max. min. 
\% 0.94 | 0.81 0.43 0.49 0.540 | 0.584 | 0.18 1.14 
3¢ 1.06 | 0.88 0.47 0.55 0.675 | 0.719 | 0.18 1.36 
4% 1.25 1.00 0.57 0.60 0.840 | 0.897 | 0.20 1.59 
34 1.44 1.13 0.64 0.68 1.050 1.107 | 0.23 1.88 
1 1.63 1.31 0.75 0.76 1.315 1.385 | 0.28 2.24 
1% 1.94 1.50 0.84 0.88 1.660 1.730 | 0.33 2.738 
1% 2.13 1.69 0.87 0.97 1.900 1.970 | 0.35 3.07 
2 2.50 | 2.00 1.00 1.12 2.375 | 2.445 | 0.39 3.74 
2 2.94 2.25 117 1.30 2.875 2.975 | 0.43 4.60 
3 3.38 | 2.50 1.23 1.40 3.500 | 3.600 | 0.48 5.36 
3% 3.75 | 2.63 1.28 1.49 4.000 | 4.100 | 0.52 5.98 
4 4.13 | 2.81 1.33 1.57 4.500 | 4.600 | 0.56 6.61 
5 4.88 3.19 1.43 1.74 5.563 5.663 | 0.66 7.92 
6 5.63 | 3.50 1.53 1.91 6.625 | 6.725 | 0.74 9.24 
8 7.00 4.31 1.72 2.24 8.625 8.725 | 0.90 11.78 
10 8.63 5.19 1.93 2.58 10.750 | 10.850 | 1.08 14,37 
12 10.00 6.00 2.13 2.91 12.750 | 12.850 | 1.24 16.84 
14 O.D. 11.00 2.25 3.10 14.000 | 14.100 | 1.33 18.40 
16 O.D. 12.50 2.45 3.45 16.000 | 16.100 | 1.50 20.88 





The 250-Ib. standard for screwed fittings covers only the straight sizes of 00. 
and 45-deg.-elbows, tees, and crosses. 


Globe valves are used extensively for both high- and lowe 
pressure steam construction and also for other fluids, ‘They may 








PIPING 233 


TasLe 56.—American STANDARD 125-LB. Cast-IRON FLANGED Frrrinas— 
DIMENSIONS oF ELBows 
All dimensions in inches 














Ea 
A A 
ce Ay ety 
| als 
7 aae TEN KON 
3 ; X 
PEt bee eee ee 
90 Deg. Long radius 45 Deg. Reducing Side outlet 
Center Center 
Center . Metal 
Nominal to face si Se fa face Diameter Thickness thickness 
nine cieel }elbaq@ te long radius| 45-deg. ffl of flange, 
elbow?3:4 elbow? 2 nee min. of body 2 
min. 
A B C. 
1 3 5 134 4\4 14 7 
16 Ke 
14 334 54 2 45¢ 19 Ke 
14 4 6 24 5 %e He 
2 49 644 24 6 38 Ke 
246 5 7 3 7 6 He 
3 54 734 3 74% 34 7% 
7 74 Yo 
346 6 84 3g 819 13/6 Ke 
4 614 9 4 9 1546 4% 
5 74 1014 49 10 1546 % 
6 8 11% 5 11 1 Ne 
8 9 14 51g 1384 1k 56 
10 11 16144 613 16 1 346 34 
12 12 19 716 19 14% 13/6 
14 O.D. 14 2114 74 21 1 3 % 
16 O.D. 15 24 8 2314 1 %e 1 
18 O.D. 16144 2614 84 25 1 %6% 1 Ye 
20 O.D. 18 29 916 2714 1ity, 1k 
24 O.D. 22 34 11 32 1% 1% 
30 O.D. 25 4116 15 3834 2k 1 Ke 
36 O.D. 28 49 18 46 2 36 1 5 
42 O.D. 31 5614 21 53 2 5¢ 113% 
48 O.D. 34 64 24 5916 2 34 2 








' Size of all fittings listed indicates nominal inside diameter of port. 

* Reducing elbows and side outlet elbows carry same dimensions center to face as straight size 
elbows, corresponding to the size of the larger opening. 

* Special degree elbows, ranging from 1 to 45 deg. inclusive, have the same center to face dimensions 
niven in 45-deg. elbows and those over 45 deg. and up to 90 deg, inclusive shall have the same center to 
face dimensions given for 90-deg, elbows, The angle designation of an elbow is its deflection from 
straight-line flow and ia the angle between the flange faces, 

‘Side outlet elbows shall have all openings on Interseoting oonterlines, 
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TapLE 57.—AMERICAN STANDARD 125-LB. CasT-IRON FLANGED Firrines— 
Dimensions or TEES AND Crosses (STRAIGHT S1zEs) 
All dimensions in inches 


= 











Td af 
| 
Tee Side outlet Cross 
Center to face| Face to face Thickness Metal 
Nominal tees and tees and Diameter thickness 
i ize}? sses, 3 2,8 f flange oe flange, of bod 
pipe size crosses, crosses of flang' eae ody, 
A AA min, 
1 36 7 44 “Ye Keo 
144 334 74 45¢ 4 “Yeo 
14g 4 8 5 %e Yeo 
2 4h 9 6 5% Ye 
2 5 10 7 146 Ye 
3 54% il 7% 34 Ke 
3h 6 12 814 1346 “6 
4 6% 13 9 16 % 
5 74 15 10 1546 % 
6 8 16 11 1 Ke 
8 9 18 13144 1k 56 
10 1 22 16 1 %6 34 
12 12 24 19 1% 1346 
140.D 14 28 21 1 % 14 
16 0.D 15 30 2314 1 “Ye 1 
18 O.D 1644 33 25 1 %e 1 Ke 
20 0O.D 18 36 2716 11M, 1 
24 O.D 22 44 32 1% 1% 
30 O.D 25 50 3834 2% 1 Ko 
36 O.D 28 56 46 2 34 1 & 
42 0.D 31 62 53 2 5% 1134 
48 O.D 34 68 5914 2 34 2 




















1 Size of all fittings listed indicates nominal inside diameter of port. 
2 Tees, side outlet tees, and crosses, 16 in, and smaller, reducing on the outlet, have the same dim 
sions center.to face, and face to face as straight-size fittings, corresponding to the size of the lar 
opening. Sizes 18 in, and larger, reducing on the outlet, are made in two lengths, depending on 
size of the outlet, 
8 Teos and crosses, reducing on run only, carry same dimensions center to face and face to face aa 
wtraight aise fitting of the larger opening, 
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TaBLE 58.- -AMERICAN STANDARD 125-LB. Cast-1ROoN FLANGED Firrines— 
Dimensions oF Larerats, Repucers, True Y’s (STRAIGHT S1zEs) 
All dimensions in inches 


y pee : ; 
le» e- Le- 





Lateral Reducer Eccentric 


























reducer 
Face | Center ge Face ihatal 
Nomin.l | Center | to face | to face dane to face | Diameter} Thickness’ hiclewess 
pipe to face | lat- lat- dlat-| .Te of of flange, f bod 
size? | true Y | eral®4 | teral*-* ane"=""| ducer® | flange min. ees 
eral3:4 min. 
A D E F G 
1 3 7 534 134 444 Ye Ne 
134 334 8 614 134 45¢ 4 Ke 
14 4 9 7 2 peers 5 %e Ke 
2 416 | 104 8 24% 5 6 58 He 
2 5 12 916 2% 5 7 Ni¢ Yeo 
3 51g | 13 10 3 6 7% 34 “Ye 
3h 6° 144 | 114 3 6% 8 1346 Ye 
4 614 15 12 3 7 9 1546 4 
5 74 | 17 13% 3 8 10 1346 a) 
6 8 18 1414 3 9 11 1 Ne 
8 9 22 174% 44g] 11 1316 1k 58 
10 11 2516 2014 5 12 16 1 346 34 
12 12 30 244 54] 14 19 14 1346 
14 0.D. 14 33 27 6 16 21 1 34 1g 
160.D.| 15 3644 | 30 644 | 18 23146 1 Keo 1 
18 O.D. 164% 39 32 7 19 25 1 %6 1 Ye 
20 O.D. 18 43 35 8 20 271% 1146 1k 
24 O.D. 22 4916 4014 9 24 32 1% 1% 
30 O.D. 25 59 49 10 30 3834 2k 1 %6 
36 O.D. ari ake eek ee nts 36 46 2 % 1 5¢ 
42 O.D. eek ahd tne oe gs get 42 53 2 % 11346 
ASO.D:: | cae |) atee|. Leases vista 48 5914 2 3% 2 











1 Size of all fittings listed indicates nominal inside diameter of port. 

2 Laterals both straight and reducing sizes, 8 inches and Jarger, should be reinforced to compensate 
for the inherent weakness in the casting design. 

‘ Laterals, 16 inch and smaller, reducing on the outlet or branch, use the same dimensions center 
to face and face to face as straight size fittings corresponding to size of the larger opening. Sizes 18 
inches and larger, reducing on the outlet or branch, are‘made in two lengths depending on the size of the 
outlet, 

‘Latorals, reducing on the run only, carry same dimensions center to face and face to face as straight 
nivo fiitings corresponding to alive of the larger opening, 

» Reduvsera, and eocontele reducers, for all reductions, uae the mame face to fave dimensions given in 
the above table of dimensions for the lamer opening, 
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Fia. 254.—High-pressure globe valve (Walworth Co.). 
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be used for throttling and, in fact, their design impedes to some 
extent the flow, in that the fluid must make a double turn as it 
passes through the valve. 

Figure 254 shows a high-pressure globe valve in which the 
lower part of the disk is shaped to provide a venturi-type approach 
to the restricted throat at the seat when the valve is set in a 
throttling position. The special shape of the disk also aids in 
guiding the flow lines when the valve is wide open. Table 59 
gives dimensions for this type of valve. 








TABLE 59 
Size of valve | 4 | 5 | 6 | 8 

Port diameter... s..Jonies aad Seach bse deanna Sees A 4 5 6 8 
BAGO. tO L806 sie eccd Sk pate seed aca Secale Seale ate sak B | 16 18 19 1g 123 6 
Center to top open............ 00. c eee ee eee ee Co | 253g |29 5¢ |34 1g |43 
Center to top closed.............0 00.0 c eee eee ee Cc | 237% |27 7g |32 40 
Run flange diameter...................000e0eee D | 10 11 12 % 15 
Run flange B.C...... 0.0... cece eee E 73g | 9 344°}10 5¢ |18 

No. of bolts run flange................0 00000008 F 8 8 12 12 
Size of bolts run flange.................. 00008. G 4 1% {| 1 
Bonnet flange diameter....................200- H |} 103g |12 \ |138 % /16 7% 
Bonnet flange B.C........... 0.0.00 cee cece ee J 814 |10 34 11 ly 1413/6 
No. of studs bonnet flange.................000. K 8 12 12 16 
Size of studs bonnet flange..................... L 14 1% 7%\1 
ten ClaMetern., .. adios Sade ne elens Mees Sek owed M y|15/13/2% 
Handwheel diameter............... 00000000 cue N | 14 20 22 30 
Body run thickness...............0.000ceeeeeees P Me} 22} 7142] 1346 
Diameter gland bolts...............000000eeuee R 5g 34 7% | 1 
Body-neck thickness..............0000 cee ee eees T Mol 2142] 2240] 1346 
Flange thickness.............. 0.0 eceeeeeeeeeee Vv 13g |} 14/1 56/1 7g 
Center to bonnet flange................0. 000005 W| 76 8 26 | 9 3610 7% 
Diameter of raised face..............00 cee eee xX 63{6| 7 6] 8 14 10 3¢ 





Gate valves are used extensively because of their straight-line- 
flow design. It will be noted from a study of Fig. 255 that the 
disk moves entirely back out of the way leaving a full opening with 
astraight line of flow as compared with the turning flow, up through 
and over the valve seat, of the globe valve. The gate valve has 
no pocket to act as a trap for condensation, but on the other hand, 
it has a tendency to leak under high pressures and so in this 
respect is not so satisfactory as the globe valve. 

Check valves, unlike globe and gate valves, which are either 
hand or power operated, are automatically controlled. They are 
used to prevent the back flow of a liquid and at the same time offer 
but slight resistance to any forward motion, They are used in 
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Fig. 255.—Gate valve. 
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such places as the feed-water line of a boiler. Figure 256 shows a 
swing type check valve. 








EN 
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Il 
Piping Drawings.—Unlike drawings of machinery in which 
the chief concern is to give accurate shape and size description, 
piping drawings are primarily an orderly means of specifying pipe 
size, and the location and size of suitable fittings. Since pipe and 
fittings have been standardized and can be purchased for almost 
































Fia. 256.—Check valve. 





Fia. 257.— Developed single-line sketch. 


any desired service from the stock of large manufacturers, it is 
customary to make these piping drawings in some conventional 
form, ‘The forma in common use are: 
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1. Developed single-line sketch (Fig. 257). 

2. Orthographic single-line drawing (Fig. 258). 
3. Isometric single-line drawing (Fig. 259). 

4, Double-line scale drawing (Fig. 260). 


The developed single-line sketch (Fig. 257) is suitable for repair 
work, small jobs, and in cases where only a few installations of the 
design are required. 


Fig. 258.—Orthographic single-line drawing. 


Single-line orthographic projection is used when the work is 
more complicated and when the scale of the drawing is small, 
Isometric drawing provides the advantages of showing the 
piping layout in both plan and elevation, at the same time, thus 


Fic. 259.—Isometric single-line drawing. 


making the location of fittings somewhat clearer, particularly to 
those not familiar with the theory of projection. 

When piping can be represented at a fairly large scale (eighth 
size or larger), and when the layout is important and there is 
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probability of a large number of installations, then double-line 
convention is used as shown in Fig. 260. 

In any form of piping, drawing dimensions should be given from 
center to center of opening of each fitting. The nominal size of 






APS 4'Elbow 


Fig. 260.—Double-line scale drawing. 


pipe should be written or lettered along the line indicating the 
pipe and the size, and name of each fitting should likewise be 
given. 

Unless otherwise noted fittings are usually considered as having 
all of their openings of the same size and are therefore known as 


4 s 4 4 3 < 3 
a 2 
2 2 e 23 2e 1g 
4 4 4 + 4 + 


4 
AXAKZ AXGH2 4AKAKQK2 AKAKBZ  FARAIZ BANA AXGx2 
Tee Tee Cross Cross Cross Loteral Lotera/ 
Fia. 261.—‘‘ Reducing”’ fittings in single-line convention. 


“straight” fittings. When openings are of different diameters 
they are called ‘‘reducing’’ fittings, and their openings should be 
named in the order shown in Fig. 261. 

Fittings Tables.—The American Standards Association has 
recently standardized both serewed and flanged fittings. The 
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Fig. 262. 





_ Fig. 263.—Single-line and double-line convention of piping. 
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tables of fittings given in this chapter are as recommended by the 
association for saturated-steam pressures not exceeding 250 lb. 
per square inch. Flanged fittings are desirable when the pipe 
size is in excess of 4 in., unless the pressure is low. A few fittings 
and terms not listed in the tables but often used are sketched 
in Fig. 262 and are described below. 

Nipples are short pieces of pipe threaded on both ends. When 
a short unthreaded portion is left at the center it is called a short 
nipple but when the threaded portions meet it is known as a close 
nipple. 

Bushings are used to reduce the size of an opening when it is 
not convenient to use a reducing fitting. 

A plug is used to close an opening, often temporarily. 

In a street fitting one end is used as a receiver and the other for 
entering another fitting or pipe. 





























CHAPTER XIII 
JIGS AND FIXTURES 


It is through the use of properly designed tools, jigs, and fixtures that the 
manufacture of interchangeable parts has been made possible in large quanti- 
ties while maintaining close limits of accuracy. It is the purpose of this 
chapter to present a few examples of “production tools” and some of the 
common devices used with them. Tool design has been given much thought 
with the development of materials of construction and the use of high-speed 
and heavy-duty machinery. Therefore no attempt is made here to cover the 
subject. 




















Jigs and Fixtures.—These production tools have been used so 
much together, and their work is so nearly overlapping that it is 
difficult to differentiate between them. Jigs are perhaps more 
readily defined than fixtures, a common understanding being that @ 
jig is a device designed to hold the work and guide the cutting 
tools to the work so that the cutting operations will be identical 
for each piece thus produced. It is important that the jig should 
be designed so that each new piece of work may be inserted for the 
operation and withdrawn following it with as little delay as possible, 
since time is a considerable factor in production. 

A fixture is a device used to hold the work and maintain & 
definite relation between the machine tool producing the operation 
and the work. ‘The use of fixtures eliminates the task of ‘‘setting 
up the job,” that is, getting the work into proper position for 
finishing operations. With fixtures the accuracy of the finish is 
usually dependent upon the cutting tools and their relation with 
each other, while with jigs accuracy is dependent upon the bush« 
ings which act as guides for the cutting tools. In general, jigs and 
fixtures should be designed to accomplish the following major 
functions. 

1. They should be strong enough to hold the work during the operation and 
prevent it from springing away from the cutters. 

2. It should be possible to place and remove the work accurately and rapidly, 

3. There should be space enough around the “work” to allow chips an 
coolants to fall away from the cutters. 

4. Ample clearance should be provided between the ‘work’ and the b 
of the “tool,” This is to take care of variations in size and possible min 


alterations on the piece, 
add 
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5. Locking devices should be as nearly uniform in size as possible, so as to cut 
down the time of changing the work. This applies to set screw heads, nuts, etc. 


It must be turned over for the drilling operations. 


ni 
ail 
ay 





The jig shown is in the loading position. 


Fig. 264.—Drill jig. 


Drill Jigs.—The drill jig is probably the most common type of 
production tool in use. An example of a simple jig is shown in 
Fig. 264 at one-half size and in its loading position. The drawing 
of the work W to be finished is shown in Fig. 265. The 0.625-in. 
reamed hole and the bottom / surfaces are done before the piece 
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is inserted in the jig. The hole is used in locating the work W on 
the locating pin B, and the finished bottoms provide good contact 
with the hardened-steel rest pad A. After the work has been 
located on the pin, and light pressure has been made with the 
washer and nut, the work is then forced down and over against 
the hardened stop pin C by means of set screws D. The clamping 
is then completed and the whole device is turned into position for 
drilling, the driils being guided to the work by means of bushings 
shown at E, F,andG. Master liners and slip bushings (Fig. 266) 
are used, since the job calls at each bushing position for more than 

4 Drill 18 Drill BR. 


RF. Reon 7o.2it- | 
\ \-6 


"20-NC.-2 





Fig. 265.—Detail drawing of part W shown in drill jig (Fig. 264). 


one operation. For instance, at H where the taper hole is pro» 
duced, two sizes of drill and a reaming operation are called for, 
necessitating different-sized bushings for each. It will be noticed 
that here it was necessary to drill a clearance hole in the locating 
pin B, so that the small side of the tapered hole could be 
manufactured. 

Drill Bushings.—A drill bushing is the hardened steel guide 
for the drill, reamer, etc. There are many types depending upon 
the work and accuracy required. 

At I in Fig. 266 a press fit headless bushing is shown. These 
bushings are not easily removed, and should be designed to last 
during the run of parts to be produced. ‘They are used on small 
jobs and-where the cost must be kept low. 

A shoulder type of bushing is shown at II, Fig. 266. This 
bushing is necked to permit grinding, thus insuring the proper 
seating of the shoulder on the jig, 
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A combination of bushings is shown at III, Fig. 266. The 
liner is similar to the headless press fit bushing, and the slip member 
is something like the shoulder type, except that the head is larger 
and is knurled to facilitate removal by hand. This bushing is 





Fig. 266.—Drill bushings. I. Press fit headless. II. Shoulder type. III. Combination. 


used where one or more operations, such as drilling and then 
reaming, are to be done. The slip bushing is changed to accom- 
modate the size desired, while the liner remains in position. Figure 
264 shows an application of this method. 





Fig. 268. 


Two types of locking devices for slip bushings are shown in 
Figs. 267 and 268. These locks prevent the bushing from lifting 
with the tool, and yet are designed to make removal of the bushing 
easy. Both types shown are in common use, 
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A table of standard sizes of drill bushings is shown below. 


TaBLE 60.—STANDARD DIMENSIONS FOR PLAIN BUSHINGS 


Outside | Outside 




























Thickness, Length under head 
Drill size diam., diam., head 
body head 
X —-1 xX —2 | xX —3 
A B C D 

No. 55 to 342 M 38 eo 44 4% 
No. 41 to %a4 He Keo 580 M4 a 
No. 27 to 346 38 % 4 4% 5% 
No. 12 to 4 Yo %6 M4 % 5% 
Letter F to 3 56 34 A 4 34 
Letter V to 4 34 % My 34 1 

3364 to 5g K% 1 He 34 1 

464 to 34 1 1% 46 1 1% 
4% 4 to 1% 13 He 1 1% 
5164 to 1 134 1% He 1 1% 
1%4 to 1k 1% 15¢ Y6 1 1% 
1549 to 144 15g 134 “6 1% 
199 to 13g 134 1% Ke 1% 134 
11345 to 144 1% 2 Ke 14 134 

[ Fs 


Ct ee 


J 


Fig. 269.—Straight U form of clamp. 


Holding Devices.—Holding the work firmly in position for 
finishing operations is as important as guiding the cutters to t 
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work. There are many forms of blocks, clamps, wedges, etc. 
in everyday use. A few of these are shown in Figs. 269 and 270. 
They should be arranged so as not to interfere with the progress of 
the work across the cutters, and they should not prevent rapid 
insertion and removal from the field of operation. A table of 


Strep Block 


Cope Fee 


Fic. 270.—Holding devices used in setting up work. 








Single End Clarnp 


















washers is shown on page 120 and they are used as shown in 
Fig. 264. 

T Slots and T Bolts.—T bolts are made with a special head 
which fits into the standard T slot of any machine tool such as the 
milling machine. Standard sizes of slots and bolts are shown in 
Chapter VI on page 105. 



















































































CHAPTER XIV 
MACHINE SKETCHING 


Inventing and designing new machinery, making improvements upon 
existing machinery and managing the production of the same make it 
almost imperative that the engineer doing this kind of work be proficient in 
the art of technical free-hand sketching. It is certain that draftsmen who 
have the ability to make well proportioned free-hand sketches rapidly and 
with good technique will make greater progress in their profession than those 
who are less skillful in this means of expression. 

Although free-hand sketching is to a certain extent an art, it is not 
necessary for the draftsman to be a skillful artist in order to attain a pro- 
ficiency in free-hand machine sketching. Regard for a few simple rules and 
a little patient practice combined with a knowledge of the various kinds of 
projection should provide an ample background. 


Materials.—For paper a fairly tough, good-quality pad, 
preferably white and backed by stiff cardboard is sufficient for 
most sketching work. Paper ruled with horizontal and vertical 
lines or plain paper backed by a ruled sheet are often used and ma 
be helpful in attaining straight lines. It is suggested, however 
that ruled paper and ruled backing sheets be avoided, especiall 
by beginners, since use of them tends to curb freedom of expressio 
and is apt to focus greater attention upon the art of drawing th 
upon observation and estimation of the proportions of the object 

Pencils should be hard enough to prevent smooching and ye 
soft enough to give sharp dark lines. A 2H is suggested. 

If sketches are to be made from machine parts and the dime 
sions of these parts are to be given it will then be necessary to ha 
on hand a few common measuring devices such as a 2-ft. rule 
machinist’s steel scale, depth, surface, and thread gages, inside an 
outside calipers, try-square, micrometer, etc. 

Kinds of Sketches.—In general it may be said of maching 
sketching that there are two kinds. 

1. Idea or Design Sketches.—Sketches of this kind are made b 
the inventor, designing draftsman or any interested person W 
wishes to convey a thought or idea which he may have in mind 
some other person. For instance an inventor may wish to sh 
his designing draftsman how some new device may be applied 
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an existing machine. If the device is simple he may make a free- 
hand pictorial sketch but if it is complicated he will probably make 
two or three orthographic views. When a complete machine is 
to be developed sketching is usually done in units or segments of a 
few parts each, these being later combined into a layout of the 
complete machine. 


Figure 271 is an idea sketch for the machine shown in the 
assembly drawing of Fig. 309. 


Caw, 


Cnn 


(eT) | AN 7 


Sheds 


Worm 





Fig. 271.—Idea sketch for impression machine described on page 286. 


2. Sketching from Machine Parts.—When drawings have been 
lost or when a machine has been developed without record of its 
parts it then becomes necessary to make sketches from the parts 
themselves. From these sketches the ordinary working detail 
drawings are made. Or again it may be desired to provide a 
general shape description of a complete machine for customers or 
for advertising and catalog use. This kind of drawing requires 
more careful attention to detailed description and proportions 
than does that for idea sketching. 


SKETCHING PRACTICE 


Position and Technique.—For either of the two kinds of 
sketching just described it is necessary to acquire the ability to 
represent parts in their true proportion and with a fair technique. 


This can be accomplished with practice and observation of a few 
helpful rules, 
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1. The position of the draftsman with relation to his equipment is one of 
the first things to be considered. There should be perfect freedom of motion 
of the arm from shoulder to pencil thus making it easier to attain the desired 
direction of line. 

2. The pencil should not be grasped tightly nor should it be held too near the 
point as this curbs free movement and helps to make the drawing appear hard 
and mechanical. 





Fia. 272.—Sketching position. 


3. Best results are obtained by holding the drawing pad nearly perpendicular 
to the direction of observation and well away from one’s self. 

4, When drawing from the actual part it is well to keep the pad nearly in the 
line of vision between the part and the eye. Comparison of the proportions of 
the drawing with those of the part are more easily made in this way and many 
such comparisons should be made in the course of the work. 

5. Draw horizontal lines toward the right and vertical lines downward, 


This is the natural way (Fig. 272). 
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Fig. 273.—Practice stroke. 


6. Before making any line size up the direction which it is desired for the 
line to take by observing the point of destination. Then pass the pencil over 


the course of the line once or twice without drawing. If sketching directly fro 
a part it may help to trace in the air the edge of the part before drawing it. Sud 
preliminaries give a more definite sense of proper direction, 

7, Do not watch too closely the line in process of drawing but be alwa 
observant of the point of destination, 
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8. Now by a series of quick easy strokes try the line from point to point. 


A few lightly drawn preliminary attempts will do no harm and may be erased 
afterward if desired. Figure 273 illustrates the method. 
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Fig. 274.—Stroke exercises. 





Figure 274 is an illustration of several exercises which may 


well be used in practice work. The points to be connected in 
these exercises should not be less than five or six inches apart. 
Observe carefully the points to be connected; draw the connecting 
line just in mind and then actually and speedily with a direct easy 
stroke of uniform weight, . : 
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Ares and circles may be drawn with the aid of radial lines 
pointed off (by measurement of eye) at equal distances from the 
center (Fig. 275) or by the box method shown in Fig. 276. If 
the second method is used the free-hand square is drawn first 
and divided as shown. The circle is then filled in one quarter at 
atime. If the drawing pad is turned after each step so that the 


KR 


Fig. 275.—Radial lines helping in making circles. 





curve is always drawn in the upper left more uniform results may 
be expected. 

Measure: Proportion.—To an understanding of direction and 
technique of lines must be added an ability to judge correctly the 
relative size of the areas which make up the thing being sketched, 
that is, one must be able to estimate and truthfully record propor- 
tions as they exist. It is very easy to make the error of copying 





S| 
Laie 


. 7 . 
Fig. 276.—Box method for sketching circle. 


bit by bit without comparing the size of one portion of the object 
with that of another, the result being a drawing of poor proportions, 
One of the most common aids in obtaining relative dimensio 
of objects which may be at a distance is illustrated in Fig. 277 
The pencil is held at arm’s length and in a plane parallel with tha 
of the eyes. A distance on the object is taken off on the pene 
by placing the thumb a relative distance from the end of th 
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pencil. Then this distance is superimposed on other parts of the 
object to determine the number of times that one distance is 
divisible by another. 

When viewing the part being sketched constantly endeavor 
to determine the comparative sizes of holes, of height and width, 
of one arm or projection to another; also the comparative distance 
between such parts and the size of angles if any exist. 





Fia. 277.— Method of obtaining proportions of object at a distance. 


Example in Proportions.—Assuming that an assembly of parts 
such as is illustrated in Fig. 278 is to be sketched the following 
steps may be used. 


1. Look at the assembly for a minute or so observing the general proportions 
and forgetting detail. Decide upon some large unit of measure such as, for 
instance, the width of the base and compare this with other large portions such 
as the height of the assembly and the diameter of the slotted table. Compare the 
position of the vertical center line of the table with the edge of the casting, the 
relation of the center line of the body with the circumference line of the table 
and the approximate angle and location of the slant surface. 

2. Based upon such an estimate of proportion set off these distances as shown 
at IT in the figure. 

3. Now analyze and block out the assembly in more detail (Fig. 278, III). 
Determine the angle of the slant surface; the position of the end of the shaft with 
relation to the base; build up the circular table and space off the base. 


By such a method of seeing each part in relation to others good 
proportion will soon be accomplished. 

Dimensioning the Sketch.—The dimensioning of a sketch 
should be left until the drawing is completed, Then if the sketch 
has been made from a machine part the part should be measured 
and the dimensions placed on the drawing, 
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The position of dimensions on a sketch is not so important as 
the placing of them on the working drawing. In general about the 
same rules of dimensioning should apply. All unnecessary 
dimensions, such as the radii of rounds and fillets, the small taper 
of bosses, hubs, etc., should be avoided. Many more notes may 
be used on sketches than are permitted on the finished drawing. 
The size of long and irregular curves may be taken by making 
paper templates and then working out the desired curve from the 
template in the drawing rooms. 





LTT 


Fig. 278.—Successive steps in sketching. 


Pictorial Sketching.—Simple mechanisms and machine parts 
can be quickly and more readily explained with pictorial sketches 
than by means of orthographic. Such sketches represent the part 
much as the eye is accustomed to seeing it, and all in one view. 
To simplify the sketch, invisible edges are usually not represented, 
Isometric, oblique, cabinet, and perspective or combinations of 
these types of projection are used to advantage among designers 
and inventors, particularly when they are working out ideas for 
new machinery. 

Isometric sketches are built up on what is called isometric axes, 
In the drawing these axes make an angle of 120 deg. with each 
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other. They represent, however, actual angles of 90 deg. on the 
machine part. For example, Fig. 279, at I, shows three ortho- 
graphic views of a simple object; at II the isometric axes; and at 
III the isometric axes applied to the making of a pictorial sketch 
of the part. Notice that it is the horizontal and vertical edges of 
the part, those edges which make 90 deg. with each other and 


- 
oY 


IIT 


Fic. 279.—I. Orthographic projection. II. Isometric axes. III. Isometric of object 
shown at I. 


“oe 





which are either parallel with, or perpendicular to, the planes of 
projection that lie on the isometric axes. Such edges are repre- 
sented in their normal length whereas edges not parallel with the 
axes seldom appear in their true length. Compare, for instance, 
as an example of untrue representation the lengths of the edges of 
the ‘“V”’ cut in the figure. 

The same isometric axis construction is used for circles and 
ares as for straight line work. Three positions of the isometric 


eae vi 
aS 


Fra. 280.—Construction for three positions of the isometric circle. 


circle are shown in Fig. 280. Two different radii are used in each 
case as indicated. 

At I in Fig. 281 are shown the isometric foundation lines and at 
II the sketch as it is built upon them, 

Because we usually view a part from above it is common 
practice to represent it in the sketch ax seen from that position, 
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Occasionally we wish to show it as seen from below and yet not 
turn it over to accomplish this. Figure 282 shows the object as 
seen from below by using reversed axes. 

Oblique sketches accomplish about the same purpose as iso- 
metric sketches; the chief difference being that one of the sur- 





Fria. 281.—I. Foundation for isometric sketch. II. The completed sketch. 


faces of the machine part is shown in true form and proportion, 
that is, as the surface would be drawn orthographically if parallel 
with the plane of projection. Figure 283 shows the oblique axes 
and an object sketched upon them. 

It will be noticed that the surface containing the circle has 


been made the true surface. This makes the drawing of the 


es oki a 





Fia. 282.—Isometric sketch Fia. 283.—Oblique axes and oblique sketch. 
using reversed axes. 


curve work easier and eliminates some distortion. As a secondary 
rule for avoiding distortion make the long axis of the object parallel 
with the plane of projection. 

Making what is known as a cabinet projection may further 
uvoid distortion. This type of projection cuts all the measure« 
ments along the oblique axes in half, 
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Memory Drawing.—In making any sketch directly from a part 
there is always the danger of putting into the sketch things which 
do not exist on the part but which are supplied by the mind. This 
happens because the adult mind carries over from previous contact 
with similar objects certain elements of that object. Memory 
drawing is a practice drawing method intended to be used in over- 
coming this difficulty. It imposes the responsibility of looking 
with undivided attention since all the facts possible must be 
observed to retain the visual image. It increases the power of 
observation to the end that the proportions of an object are 
sooner realized. 

The procedure in memory drawing practice is as follows: 


1. Select an irregular shaped and fairly large machine part or assembly of 
parts or use a drawing from one of the pages of the textbook. 

2. Placing the part or the textbook drawing at some distance observe its 
proportions, size, shape, etc., for a period of not more than a minute. 

3. Place a screen before the part and draw from memory what was seen when 
the part was exposed. 

4. Remove the screen and compare the drawing with the object noting the 
differences. 

5. A drawing may now be made directly from the part and followed by 
another made from memory. 


If this process is repeated a number of times using different 
parts for each set of drawings, the first observation will soon be 
accurate and the sketch will be a truthful copy of the vart. 















































































































































CHAPTER XV 
PROBLEMS 


The text of a machine drawing book presents the student with a knowl- 
edge of the shape and function of the common parts of a machine together 
with the practical methods of graphically describing them. This knowledge 
becomes most useful to the engineer only through its application to the solu- 
tion of such problems as are commonly met with in commercial drafting 
rooms. 


The problems presented in this chapter are in many instances 
made up from drawings supplied by well known machinery manu- 
facturing concerns and most of the devices will be recognized by 
those familiar with common machine shop appliances. 

The absence of dimensions from some of the assembly drawings 
is a deliberate attempt to put the problem before the student in 
much the same way that the machine designer plans his machine 
layout before the detail draftsman for detailing. The drawing as 
presented in the text book is, of course, shown at a small scale, 
but there should be no difficulty in determining sizes by scaling 
the reproduction. Where problems have been dimensioned the 
dimensions may be found crowded or poorly placed. This cannot 
well be avoided and it must therefore be understood that such 
dimensions are seldom those best suited to the proper dimensioning 
of the detail drawing. No detail drawing can be properly dimen- 
sioned unless it is done with reference to the dimensions of such 
other parts as must fit with it. For this reason it is suggested 
that where time is available all the parts of any one unit or 
mechanism be detailed as components of one problem. This 
makes possible the proper checking of tolerances and allowances 
in dimensioning. 

An estimate of the time required for the completion of many 
of the problems follows their statement. Where working detail 
drawings are called for the time given includes dimensioning. 

The problems are listed approximately in the order of their 
difficulty. One or two simple design problems which allow the 
student some latitude of description and of application of the 
text book material are included at the end of the chapter, 
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The detail draftsman is required to make his own decision 
relative to scale of drawing, size of paper, selection and placing 
of views, etc. Therefore, in the interests of an approximation of 
commercial drafting-room practice, it is suggested that the student 
also make his own choices upon these matters. 

In determining the size of sheet, ample allowance for dimen- 
sions, notes, title box, and operations letters must be made, in 
addition to the space required for the necessary shape description. 
Figure 33, page 37, shows a good example of a detail drawing. 
Most of the large drafting offices make the drawing of only one part 
on one sheet, and this is considered good practice. Border sizes 
of 7’ X10", 10’ X14”, 14” x20” and 20” X 28” are 
recommended. 


PROBLEMS 


1. Make a three-view drawing of the bracket shown in Fig. 284. Time: 
2 hr. 


$$ OD -G Crore 
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Fia. 284.—Prob. 1. Bracket. 


2. Make a three-view drawing of the jaw support bracket shown in Fig. 
285. ‘Time: 2'¢ hours. 
Note: The views usually chosen to describe a part are those which will repre+ 
sent the loast number of invisible edges or surfaces, 
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Fia. 285.—Prob. 2. 


Fig, 286,Prob, 8. 


Jaw support bracket. 





Valverlocking lover, 
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3. Make the necessary views which will best describe the valve-locking 
lever, Fig. 286. Time: 2 hours. The illustration is one-half size. 

4. Make the necessary views which will best describe the tool-rest guide, 
Fig. 287. Time: 2 hours. 

5. Make the necessary views which will best describe the rod support, Fig. 
288. Time: 214 hours. The illustration is one-half size. 

6. Make the necessary views which will best describe the reducing coupling, 
Fig. 289. Time: 2 hours. The illustration is one-half size. 

7. Make the three views which will best describe the bracket shown in Fig. 
290. 


250" 
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Fig. 287.—Prob. 4. Tool-rest guide. 


8. Make the three views which will best describe the bracket shown in Fig. 
291. Time: 214 hr. 
9. Make the three views which will best describe the bracket shown in Fig. 
292. Time: 3 hr. 
10. Make the three views which will best describe the lever shown in Fig. 
293. Time: 2 hr. 


Auxiliary Views 


The position of the reference plane is shown in each of the following problems. 
The problems as given may be varied to suit the requirements of the course. Do 
not dimension unless so instructed. 

11. (Fig. 294-I.) Draw the front view (given) and then the top and side 
views. 

12, (Fig. 294-II.) Draw the front view (given) and then the top and side 
views. 

13 (Wig. 204-111), Draw the views given and then the side view and an 
auxiliary view of the complete object, 


















































































































MACHINE DRAWING 


Fig. 288.—Prob. 5. 
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Fia. 289.—Prob. 6. Reducing coupling. 
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Fia. 290.—Prob. 7. Bracket. 
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Fig. 291.—Prob. 8. Bracket. 
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14 (Fig. 294-IV). Draw the views given and then the side view and an 
auxiliary view of the complete object. 


Dimensioning 


15 (Fig. 295). Make three views of the bracket bearing and completely 
dimension in terms of S and L (size and location). Indicate all finished surfaces. 

16 (Fig. 296). Make a complete working drawing of the chuck jack. Tee 
bolt and set screw devices should not be included in the drawing. 
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Lever. 





Fig. 293.—Prob. 10. 





Fig. 295.—Prob. 15. Bracket bearing. 


Chuck jacks are made to fit in the tee slots on the face of a chuck and for 
supporting the work at the back. They may be set at any radius on the face 
of the chuck between the jaws. 

17 (Fig. 297). Make a complete working drawing of the knurl holder. 

Top knurl holders are used on the back tool post, the knurl passing over the 
work. They are held on a hub on the circular tool between the tool and post. 
They are also used for thread rolling on brass. 


| 
| 


Turret Tool Post 
This device is used on the lathe for turning operations. The raising block 
allows the post to be used with the spindle running in either direction, 
18 (ig, 208), Make a detail working drawing of the turret tool post, 


‘Time: Three views, 24g hours, 





Via, 204. Auxillaryeview problema, 
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Note:—The reproduction shown is exactly full size. 
twice size if desired. 

19 (Fig. 298). Make a detail working drawing of the base block. Time; 
Two views, 1 hour. 

20 (Fig. 298). Make a detail working drawing of the tool rest. 
Two views, 14 hour. 


Details may be made at 


Time; 











Fic. 296.—Prob. 16. 





Chuck jack. 


Pointing Tool I 4“ 


The tool shown in Fig. 299 is designed by the Brown & Sharpe Mfg. Co, 
Providence, R. I. 

21 (Fig. 299). Make a detail working drawing of the pointing-tool body, 
Time: Three views, 3 hours. 

22 (Fig. 299). Make a detail working drawing of the tool rest. Tim 
Two views, 14 hour. 

23 (Fig. 299). Make a detail working drawing of the V back rest. Ti 
Two views, 1 hour. 

24 (Fig. 299). 


/ 


JW 
4 / 
Pointing Tool II 


The tool shown in Fig, 800 is designed by the Gisholt Machine Co, of Madine 
Win., who describe it as follows: 


Make a catalog of all parts. 
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“The pointing tool is designed for pointing the end of bar, or forging before 
starting a single or multiple cutter turner to insure the turner starting true. 
The work is supported by a bell-shaped bushing, which is hardened. A wide, 
flat cutter is provided for pointing, and ample chip allowance is provided.” 

25 (Fig. 300). Make a three-view detail working drawing of the pointing- 
tool body. Time: Three views, 3 hours. 











aii HH 
A 











Fig. 297.—Prob. 17. Knurl holder. 


26 (Fig. 300). 
Time: Two views, 114 hours. 


Make a detail working drawing of the pointing-tool bushing. 


27 (Tig. 300), 


Make a detail drawing of the cutter. Time: Two views, 14 
hour, : 


; 
Angle Plate $2 


Angle plates are used to hold the “work” at some desired angle for machining, 
The work ia fastened to the Tealotted work plate by means of standard T bolte, 
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Fia, 298.—Turret tool post. 
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The work plate may be turned in either direction about a horizontal shaft mounted 
in the revolving plate swivel. The plate swivel is made fast to the base when the 
base is fastened to the platen of the machine. 


7 &e 


Fia. 299.—Pointing tool. 


28 (lig. 301). Make a detail working drawing of the base. ‘Time: Two 
views, 24 hours, 

29 (Wig. 801), Make a detail working drawing of the plate awivel, ‘Time: 
Three views, 244 hours, - 
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1e shaft and of the 


| 


Make detail working drawings of t 


(Fig. 301). 
positioning blocks, 


32 


31 





Make # complote catalog of all the parts of the angle 


33 (Fig. 301), 


plate, 
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| 


Steady Rest G i 


This device is used to steady stock which is being machined. The work is 
held between the V block and the finger, both of which may be raised or lowered 
to suit conditions. The T bolt provides a means of clamping the steady rest to 
the table of the machine. This problem offers an excellent opportunity to 
check the dimensioning of mating parts. 

34 (Fig. 302). Make the three-view detail working drawing which will best 
describe the steady-rest body. Time: Three views, 3 hours. 

35 (Fig. 302). Make a detail drawing of the finger. Time: Two views, 1 
hour. 

36 (Fig. 302). Make a detail drawing of the V block. Time: Two views, 1 
hour. 

37 (Fig. 302). Make a detail drawing of the adjusting nut. Time: Two 
views, 1 hour. 

38 (Fig. 302). Make a detail drawing of the positioning block. 

39 (Fig. 302). Make a detail drawing of the V block bolt. 

40 (Fig. 302). Make a catalog of all parts. A similar catalog has been 
made for the air vise shown on page 304. 
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Swing Tool 








The recessing swing tool shown in Fig. 303 is a modification of one designed 
by the Brown & Sharpe Mfg. Co. of Providence, R. I. Swing tools may be 
described as follows: 

“Swing tools are operated by either an adjustable or fixed guide held und 
the front tool post. They are used for straight, taper, or irregular turning whe 
box tool or circular-form tools are not applicable. They are also used for cutti 
off when both cross slide tools are used for forming. 

“Recessing swing tools are used for chamfering and recessing internally.” 

41 (Fig. 303). Make a three-view detail working drawing of the swing-to 
body. Time: Three views, 3 hours. 

42 (Fig. 303). Make a detail working drawing of the swinging arm. Time 
Three views, 214 hours. 

43 (Fig. 303). Make separate detail working drawings of such other p 
of the swing tool as are not standard and are not described in Problems 41 and 42, 





Fig. 302.—Steady rest. 








Centering Tool qf 


The centering tool described below is a design of the Gisholt Machine Co. of 
Madison, Wis. 

“The centering tool consists of a body carrying a V-block support for the 
work and a spindle operated by a rack and pinion from the lever. The spindle 
holds the standard combination drill and center. The V block is quickly 
adjustable for size and the tool is quickly operated.” 

44 (Fig. 304). Make a detail working drawing of the centering-tool body, 
Time: Three views, 3 hours. 

45 (Fig. 304). Make a detail working drawing of the centering-tool hand 
Time: Two views, 114 hours, 
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46 (Fig. 304). Make a detail working drawing of the pinion shaft. The 
pinion is 8-pitch, 12 teeth. Time: Two views, 114 hours. 

47 (Fig. 304). Make a detail working drawing of the spindle. The rack is 
8-pitch. Time: Two views, 114 hours. 

48 (Fig. 304). Make a detail working drawing of the vee rest. Time: 
Two views, 114 hours. 

49 (Fig. 304). Make a detail working drawing of the spindle key. 

50 (Fig. 304). Make a complete catalog of parts for the centering tool. 

















Fia. 304.— Centering tool. 


Universal-angle Plate 


The 8” X 10’ universal-angle plate shown in Fig. 305 is from a design sup- 
plied by the U. 8. Automatic Box Machine Co., of Newton, Mass. It is indexed 
and has a worm-gear adjustment and is therefore particularly adapted to work 


requiring accuracy. 
51 (Hig. 305), Make a detail working drawing of the angle-plate base. 


Time: Three views, 244 hours, 
62 (Mig. 805), Make a detail working drawing of the angle-plate body, 


Time: Three views, 8 hours, 
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Make a detail working drawing of the special T block. 
Make a complete catalog of all the parts of the universal- 


57 (Fig. 305). 


3 
= 
H 


Make a detail working drawing of the work plate. 


53 (Fig. 305). 
Three views, 3 hours. 


‘ssoid 10qIy—'90¢ “PI 
“HY NO/LIFIS 








Zz. 
(Fee 








poenn-----} + f---------, 


os 


Indicator: 


MOY 


WSs 
SS 


SSSRSSS 
SCALE OF INCHES 


OOO 


WS 


Wn 
SSAag 
1234564738 8 WH tI 


SS 3c 
ec 
i. / ' 








a 
3 AA 
wD 
2 
& 3 — Es'— --————_-- 
” 
“ & 
0 
Sg 
x 


et ME ae 


aa urser 





K.D—~WDo9OYF IN 
Gy 


q 











Fg e 7 eae. ao 
ISSA yioeibe -088 























| 














Time 


54 (Fig. 305). 
Two views, 2 hours. 


Arbor Press 
Arbor prosses are used primarily for pressing work or tools on and off of arbors, 


They are also used to some oxtent for broaching, 


and for work with special requirements, 


Make a detail working drawing of the worm shaft. 


punching, bending with dies, 


Make a detail working drawing of the worm, 


Make «a detail working drawing of the gib, 


55 (Fig. 305) 
66 (Fig, 305), 
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The Greenerd arbor press shown in Figs. 306 and 306A is froma design furnished 
by the Edwin E. Bartlett Co. of Nashua, N. H. It is their No. 3, one-man, 
314-ton press and is designed to be placed on the end of the lathe bed or on a 
bench. 

“This is the press commonly used for 14 to 16 inch lathes, driving arbors to 
114 in. in diameter. This press is as important to a lathe doing arbor work as a 
vise is to a bench. The lever is 24 in. long, leverage 45:1. One man can easily 
exert 5,000 to 6,000 lb. with the No. 3 press. Movement of rack 1114 in., weight 
130 lb., height 22 in.” 





I — "oF 
Fig. 306A. 










59 (Fig. 306). Make a detail working drawing of the arbor-press frame, 
Time: Three views, 3 hours. 

60 (Fig. 306). Make a detail working drawing of the rack. See note after 
Prob. 61. Time: Two views, 1 hour. 

61 (Fig. 306). Make a detail working drawing of the rack pinion. 
Two views, 114 hours. 

Note.—The pinion is a 12-tooth, 12-pitch gear. 

62 (Fig. 306). Make a detail working drawing of the rack-pinion lever, 
Time: Two views, 34 hour. 

63 (Fig. 306). Make a detail working drawing of the pinion-lever cap, 
Time: Two views, 14 hour. 

64 (Fig. 306). Make a detail working drawing of the table. Time: Two 
views, | hour. 

65 (Fig. 306). 
press. 


Timet 


Make a complete catalog of all parts of the Greenerd arbor 
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Vertical Slide Tool 


The vertical slide tool; shown in Fig. 307 is from a design by the Gisholt 
Machine Co. of Madison, Wis. It is a lathe accessory used for holding a tool for 
boring, facing, etc., and is described by them as follows.— 

“The vertical slide tool has two holes in the slide for holding cutter bars usec’ 
for facing, boring, or recessing. By using two bars two facing cuts can be taken 
simultaneously. The lower hole can be used on center if desired. A micrometer 
adjustment is provided, also an adjustable stop.” 

66 (Fig. 307). Make a detail working drawing of the bar holder. In addi- 
tion to the three ordinary views it may be desirable to show a section through 
one of the holes for the tool. Time: Three views, 3 hours. 

67 (Fig. 307). Make a detail working drawing of the slide base. 
Three views, 3 hours. 

68 (Fig. 207). Make a detail working drawing of the clamp. Time: Two 
views, 1 hour. 

69 (Fig. 307). 
Two views, 14 hour. 

70 (Fig. 307). Make a detail working drawing of the boring bar. ‘Time: 
Two views, 2 hours. 

71 (Fig. 307). Make a detail working drawing of the boring-bar cutter. 

72 (Fig. 307). Make a detail working drawing of the hand wheel. Time: 
Two views, 214 hours. 

73 (Fig. 307). Make a detail working drawing of the adjusting screw. See 
note to Prob. 75. Time: One view, | hour. 

74 (Fig. 307). Make a detail working drawing of the index dial. Time: 
Two views, 1 hour. 

75 (Fig. 307). Make a detail working drawing of the adjusting nut. Time: 
Two views, 34 hour. 

Note.—The adjusting nut (S.A.E. 62 bronze) is taper pinned to the slide bake 
at a convenient angle. The adjusting screw and nut are L.H. acme, 6 threads. 

76 (Fig. 307). Make a detail working drawing of the stop plug. The butt 
end should be hardened. 

77 (Fig. 307). Make a detail working drawing of the stop screw. 

78 (Fig. 307). Make a detail working drawing of the stop block. 

79 (Fig. 307). Make a detail working drawing of the bar-clamp screw, 
8.A.E. 3135. 

80 (Fig. 307). Make a complete catalog of all the parts for the vertical 
slide tool. There should be 27 different parts. 


Time: 


Make a detail working drawing of the slide gib. Time: 


7) o 
Circulating Pump f & 


The circulating pump shown in Fig. 308 is from drawings supplied by Brown & 
Sharpe Mfg. Co. of Providence, R. I. Pumps of this type are deseribed by them 
as follows. 

“These bronze pumps are used to insure proper circulation on water-jacketed 
gas or gasoline engines and for similar requirements, They are simple, compact, 
and ‘lurable, This pump has bronge gears and shafts, but noncorrosive steel 
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tion, thus allowing it to run in either direction. 


Three views 


81 (Fig. 308) 
Tig. 308) 
Two views, 144 hours 
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84 (Fig. 308). Make an outline assembly drawing of the lubricant pump. 
Time: Three views, 214 hours. 


Indenting Machine 



















Figure 309 is a layout of a home-made bench machine designed to produce 
indentations or serrations in plastic molded rings such as bakelite, molded 
asbestos, etc. It is suitable only for use where a limited number of rings are to 
be indented at one time. For quantity production a different type of machine 
would be required. 

The machine is driven through pulley A and power is transmitted through 
bevel gears B and C, and through spur gears D and E to shaft F upon which is 
turned an eccentric portion G. This eccentric imparts a reciprocating motion to 
the connecting rod H, and the slide J, upon which is mounted the tool holder K 
and the indenting tool L. 

The work, or ring, M is slipped over the hub N of the worm gear O and 
clamped with clamp P and wing nut Q. 

The worm R drives the worm gear O, but for that portion of the time that the 
indenting tool is in the work it should be stationary, and to produce this dwell 
of the worm gear O and the work M, a cam S is made integral with the worm R, 
both of which are free to slide lengthwise on the shaft 7’ over the key V. 

The cam roll V is fixed in the bracket W so that the cam path may force the 
worm R and the cam S longitudinally along the shaft T. 

The knob X and lines W: are for the purpose of advancing the work to, and 
drawing the work away from, the indenting tool when removing a finished piece 
or when inserting a piece to be indented. This is accomplished by an eccentri¢ 
Y and an eccentric block Z. This eccentric adjusting means is mounted in the 
worm gear slide A. 

B, is a gear guard, C; a hand wheel, and D; the main frame. The hand wheel 
C, also serves as a flywheel and its outside diameter and width will depend upon 
the power required to indent the work. 

The gearing is as follows:— 

Single thread worm 14” lead. 

120-tooth worm wheel. 

Two bevel gears, each 20 teeth, 10 pitch. 

Two spur gears, each 20 teeth, 10 pitch. 

The eccentric imparts 3¢’’ of lateral motion to the tool holder slide. 

The cam has 1¢”’ uniform motion. 

The pulley is 4” diameter by 214” face. 

Bearings in frame for the eccentric shaft are open at top and bushed to 
permit eccentric shaft to be assembled and disassembled. Section ViV, 
shows this construction. 

The chart, Fig. 310, illustrates how the worm wheel is stopped while the 
tool is in the work. 

Beginning at zero the tool has retreated halfway, and is out of the work, and 
at this instant the worm begins to move the worm wheel counterclockwise, while 
the cam roll is beginning to move the cam and the worm to the right, which alse 
moves the worm wheel counterclockwise, 
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Indenting machine. 


Fie. 309. 
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At 90-deg. rotation of the shaft 7’, the tool is in its extreme position out of the 
work, and the worm and cam are still uniting in turning the worm wheel counter- 
clockwise. 

At 180 deg. the tool has advanced half way to the work and the worm and 
cam have each turned the worm wheel !¢"’ counterclockwise, on circumference of 
work M, making a total of 14” in this direction. At this point (180 deg.) the 
worm continues to move the worm wheel counterclockwise, but the cam draw 
the worm an equal amount to the right, causing a clockwise tendency which result 
in the worm wheel remaining stationary, and this condition prevails until 360 
deg. (the end of the cycle) is reached. 

Between 180 and 360 deg. the tool has entered the work and retreated fa 
enough to be clear of it. At 270 deg. it is in the work full depth. 

The shaft 7 is designed to run at 240 r.p.m. 
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Fic. 310.—Time chart for indenting machine. 


85 (Fig. 309). Make a detail working drawing of the main frame (Di) 
Center distances where gearing is involved must be figured based on the geari 
information given in the description of the machine. Time: Three views, 6 hou 

Note——The illustration of the indenting machine is one-quarter size. 


Inaenung-machine Slide Details 


86 (Fig. 309). Make a detail working drawing of the slide (A:). Time 
Three views, 3 hours. ; 

87 (Fig. 309). Make a detail working drawing of the eccentric block (Z 
Time: Two views, 1 hour. 

88 (Fig. 309). Make a detail working drawing of the eccentric (Y). Tim 
Two views, | hour. 

89 (Fig. 309). 
Two views, 1 hour. 

90 (Fig. 309). Make a detail working drawing of the knob (X). 
Two views, 114 hours. 

91 (Fig. 309). Make a detail working drawing of the bushing. 
Two views, 1 hour. 


Make a detail working drawing of the lever (Wi). 


Indenting-machine Indexing Details 


92 (Fig. 309). Make a detail working drawing of the cam bracket (W) 
Time: Two views, 114 hours. 

93 (Fig. 8309), Make a detail working drawing of the cam-roll stud, 

94 (Wig. 800), Make a detail working drawing of the cam roll, 
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95 (Fig. 309). Make a detail working drawing of the cam worm (S and R). 
The data for the cam and the worm must be determined from information given 
in the description of the machine and the time diagram (Fig. 310). Show the 
development of the cam as a part of the detail drawing. To show one thread of 
the worm, the pitch line and root line are sufficient. Time: Two views, 4 hours. 

96 (Fig. 309). Make a detail working drawing of the worm wheel (0). 
Data for this problem are contained in the description of the machine. It is 
sufficient to show one tooth. The direction of the helix angle should be such 
that the motion will be counterclockwise as indicated by the arrow. Time: 
Two views, 3 hours. 

97 (Fig. 309). Make a detail working drawing of the worm-wheel guard 
(B:). Time: Three views, 214 hours. 

98 (Fig. 309). Make a detail working drawing of the worm-wheel retaining 
washer. Time: Two views, 1 hour. 

99 (Fig. 309). Make a detail working drawing of the retaining-washer 
screw. 

100 (Fig. 309). Make a detail working drawing of the work clamp (P). 

Time: Two views, 1 hour. 


Indenting-machine Drive Details 


101 (Fig. 309). Make a detail working drawing of the drive pulley (A). 
Time: Two views, 1 hour. 

102 (Fig. 309). Make a detail working drawing of the main shaft (7). 
Consider breaking the shaft to economize on space. The shaft should be “‘flatted” 
to provide for set screws where necessary. Time: Two views, 2 hours. 

103 (Fig. 309). Make a detail working drawing of the main-shaft bushings. 
These bushings should be a force fit in the bearings. 

104 (Fig. 309). Make a detail working drawing of the worm key (U). This 
key should have a drive fit in the shaft and a sliding fit on worm R and cam S. 

105 (Fig. 309). Make a detail working drawing of the bevel gear (B). 
This gear is taper pinned to the main shaft. Data for the gear are provided in the 
problem description. Time: Two views, 2 hours. 

106 (Fig. 309). Make a detail working drawing of the combination gear 
(C). This part has a bevel gear on one end and a spur gear on the other end. 
it is taper pinned to the auxiliary shaft. Data given in problem description. 

107 (Fig. 309). Make a detail working drawing of the auxiliary shafts (S:). 
Provide such flats as will be necessary to accommodate set screws. Time: Two 
views, 1 hour. 

108 (Fig. 309). Make a detail working drawing of the auxiliary-shaft 
bushings. These bushings should be a force fit in the bearings. 

109 (Fig. 309). Make a detail working drawing of the suxiliary-shaft 
col'ar (21). The collar is fastened by a headless-type set screw. 


Indenting-machine Tool-slide Details 


110 (Fig. 309). Make a detail working drawing of the eccentric-shatt gear 
(2), This gear is fastened with a square key, Data for the goar are furnished in 
the description of the machine, 
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111 (Fig. 309). Make a detail working drawing of the eccentric shaft (F). 
Note that the eccentric is made as a part of the shaft. The eccentricity is 3/5”, 
the total throw, therefore, is 3g’... Time: Two views, 2 hours. 

112 (Fig. 309). Make a detail working drawing of the eccentric-shaft 
bushings (01). Note that these bushings should be a medium fit, Class 3 in the 
bearings since they must be slipped out in order to disassemble the mechanism. 
They must be provided with flats as they are held in the bearings by means of 
headless set screws. See section ViVi. 

113 (Fig. 309). Make a detail working drawing of the hand wheel (Ci). 
This hand wheel is taper pinned to the eccentric shaft. The hand wheel (also 
used as a flywheel) as drawn is not of sufficient diameter to supply the proper 
amount of energy for the work to be done. The outside diameter should be 
about 614 in. 

114 (Fig. 309). Make a detail working drawing of the connecting rod (H). 
Time: Two views, 2 hours. 

115 (Fig. 309). Make a detail working drawing of the connecting-rod cap 
(Q:). No clearance is needed between the adjoining surfaces of cap and rod. 
The rod and cap should be provided with a medium, Class-3 fit on the eccentric, 
Time: Two views, 114 hours. 

116 (Fig. 309). Make a detail working drawing of the wrist pin. 

117 (Fig. 309). Make a detail working drawing of the tool slide (J). Time: 
Two views, 2 hours. 

118 (Fig. 309). Make a detail working drawing of the tool-slide gib (Pi). 
Time: Two views, 114 hours. 

119 (Fig. 309). Make a detail working drawing of the tool clamp (K), 
Time: Two views, 1 hour. 

120 (Fig. 309). Make a detail working drawing of the indenting tool (1), 
The tool should be hardened and the point ground. Time: Two views, 1 hour, 

121 (Fig. 309). Make a complete catalog of all the parts of the indenting 
machine. 







Cutter Adapter 


122 (Fig. 311). Make separate detail working drawings of the cutter 
adapter. The figure shown is exactly one half size. Time: about 3 hours, 


Crosshead-shoe Drill-jig Details 


The drill jig shown in Fig. 312 is from a design furnished by the Boston and 
Maine Railroad. It is designed to accommodate many different sizes of crosshead 
shoes. The shoe is shown in the assembly drawing in position for drilling. 

123 (Fig. 312). Make a detail working drawing of the jig body (A). Time} 
Three views, 3 hours. 

124 (Fig. 312). Make a detail working drawing of the gage plate (J), 
Time: Two views, 1 hour. 

125 (Fig. 312). Make a detail working drawing of the gage post (C). The 
gage post may be adjusted to suit varying lengths of shoe. 

126 (Fig. 312). Make a detail working drawing of the bushing plate (D), 
Time: Two views, 2 hours, 


PROBLEMS 





Fic. 311.—Cutter adapter. 
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127 (Fig. 312). Make a detail working drawing of the insert (£). 


The 


insert may be changed to take care of work on other shoes. Time: Two views, 


144 hours. 





[Rests res ot 





Fig. 312.—Crosshead-shoe drill jig. 


i i i f the drill bushings (/), 
ig. 312). Make a detail working drawing 0 
ia an a Make a detail working drawing of the shoe support (@), 


ime: iews, 2 hours. ; : 
ik ee di Make a detail working drawing of the swivel (11), 
Three views, 2 hours, 


Nimes 
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131 (Fig. 312). Make a detail workin 
(J). Time: Two views, 114 hours. 

132 (Fig. 312). Make a detail working drawin 
Time: Two views, 114 hours. 

133 (Fig. 312). Make a detail working drawin 

134 (Fig. 312). Make a detail workin 
Time: Two views, 114 hours. 

135 (Fig. 312). 


g drawing of the checknut (M). 


Make a detail working drawing of the wedge (N ). 








CFROSSHEAD SHOE. 


VHOLES 


Fic. 313.—Detail of crosshead shoe shown in Fig. 312. 


Lever Drill-jig Details 


The device shown in Fig. 264 is explained in Chapter XIII 

136 (Fig. 264). Make a detail working drawing of the 
Three views, 3 hours. 

137 (Fig. 264). Make a detail workin 
Two views, 114 hours. 

138 (Fig. 264). 
Two views, 2 hours. 

139 (Fig. 264). 
Two views, 1 hour. 

140 Make a detail working drawing of the washer. 


141 (Fig. 264). Make a complete catalog of all the parts of the drill jig. 


, page 245. 
jig body. Time: 


g drawing of the drill plate. Time: 


Make a detail working drawing of the locating pin. Time: 


Make a detail working drawing of the stop pin. Time: 


Assembly Drawing 


The following problems are listed as nearly as can be judged in the order of 
their difficulty. Some of them are similar mechanisms of nearly equal value and 
may therefore serve well as alternate problem material. 

142 AFig. 314), Make a complete assembly drawing of the connecting-rod 
bearing Time: Two views, 3 hours, 
(143) (Fig, 315), Make an assombl 


y drawing of the connecting-rod boaring, 
Time: Two views, 2 hours, 


g drawing of the handwheel screw 
g of the handwheel (K). 


g of the handwheel nut (L). 
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144 (Fig. 316). Make a complete assembly drawing of the solid-end connect- 
ing-rod bearing. Time: Two views, 3 hours. 
The details for this rod end were kindly supplied by the Boston and Maine 
Railroad. 
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145 (Fig. 316). Make an outline assembly drawing of the solid-end connect+ 
ing-rod bearing. Time: Two views, 2}¢ hours. 
(146 (Fig. 317). Make a complete assembly drawing of the hand-power 
jack. Make one view in section. Time: Two views, 5 hours. 
This is a No. 160 jack as manufactured by the Millers Falls Manufacturing: 
Co., of Millers Falls, Mass. 
147 (Fig. 317). Make an outline assembly drawing of the hand-power 
jack. Time: Two views, 3 hours, 
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fia, 315.—Prob. 148, Strap-end connecting-rod bearing. 
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Fid. 320.—Probs. 151 and 152. Swing tool, 
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(148 (Figs. 318, 319). Make a complete assembly drawing of the angular 
threading tool. Time: Two views, 6 hours. 

The details of the angular threading tool are from a design by the Gisholt 
Machine Co., of Madison, Wis. The tool is described by them as follows.— 

“The angular threading tool for the tool post is held against the tool post ana 
clamped in one of the tool slots. The tool slide is mounted on an angle with 
micrometer adjustment. With this tool the same effect is had as by using a 
compound on an engine lathe, cutting on only one side of the thread, insuring 
quality threads.” 

149 (Figs. 318, 319). Make an outline assembly drawing of the angular 
threading tool. Time: Two views, 4 hours. 

150 (Figs. 318, 319). Make an assembly drawing of the angular threading 
tool, showing one view in complete or partial section. Time: Two views, 5 hours. 

151 (Fig. 320). Make a complete assembly drawing of the swing tool. 
Time: Two views, 4 hours. 

Note.—A greater range of problem work is available if three views of this 
assembly are made. An explanation of swing tools can be found on page 276. 
The problem above is similar to that given for Prob. 41. 

152 (Fig. 320). Make an outline assembly drawing of the swing tool. Time: 
Two views, 3 hours. 

“153 (Fig. 321). Make a complete assembly drawing of the bench grinder. 
Time: Two views, 6 hours. Use right and left tool rests. 

154 (Fig. 321). Make an outline assembly drawing of the bench grinder. 
Time: Two views, 5 hours. 

155 (Fig. 321). Make an assembly drawing of the bench grinder. Make one 
view in section. Time: Two views, 6 hours. 

156 (Figs. 322, 323). Make a complete assembly drawing of the air-bench 
vise. One view should be done in partial or complete section. Time: Two 
views, 9 hours. 

This bench vise is from a design of the Hannifin Manufacturing Co., of 
Chicago, IIl., and is described by them as follows.— 

“This vise is designed for use in assembling departments, on drill presses or 
other places where a vise or chuck is used to hold work while being assembled or 
machined. The movement of the jaws of the chuck is controlled by the air 
pressure which gives instantaneous and rigid clamping. This vise is so con- 
structed that the stationary jaw can be adjusted for various capacities. Design 
of this vise permits the use of special shaped false jaws or plain hardened-steel 
jaws. The control valve of this vise can be attached to the side of the vise or 
placed in any convenient position for the operator to control with his hand, foot, 
or knee.” 

The Hannifin air-operated bench- and drill-press vise is used in assembling or 
drill-press departments. 

157 (Figs. 322, 323). Make an outline assembly drawing of the air-bench 
vise. Time: Two views, 4 hours, 


Roving Reel _ 


The roving reel sketched in three views in Mig, 824 is intended as a problem in 
slomentary design. Ui te suggested that a design layout be made from which 
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the detail drawings may be worked out as in any commercial drawing 
room. 

The roving reel here described is manufactured by the Brown & Sharpe 
Mfng. Co. of Providence, R. I. It is used for reeling small quantities of roving, 
drawing and yarn and also to determine the number of twist in yarn. The yarn 
is passed between the fixed drum and the idler, hand power being used. The 
number of yards reeled can be figured by reading the indicator which is fixed to 
the worm wheel. The worm and the drum, of course, are fixed to the shaft. 

Example-——“To find number of worsted yarn. Reel and weigh any con- 
venient number of yards. Multiply number of yards reeled by 1214, and divide 
Gi 7 product by weight of sample in grains. Quotient will be number of the yarn, 
ASSESS Adsl ; or number of hanks in a pound avoirdupois.”’ 

Rlajufalulfolx|-Hiiisiafof z & S 2 158 (Fig. 324). Make a designer’s layout of the roving reel sketched. The 
circumference of the large drum is 18’’.. Make other parts in proportion. Time: 
Necessary views, 9 hours. 

159 (Fig. 324). Make detail working drawings for each of the parts of the 
roving reel. Work from the layout on Prob. 158. 

160 (Fig. 324). Make a complete catalog of the parts of the roving reel. 





Thread Problems 


161 (Fig. 325). Draw two and one-half turns of a right-hand single square 
thread. P = 11%"; outside diameter 214’. On one turn show dotted the 
invisible half. Time: Two views, 114 hours. 

162 (Fig. 325). Draw three turns of a right-hand single square thread. 
P = 11%"; outside diameter 2}4’’.. Make the lower one and one-half turns appear 
as a screw entering a section of nut 214” in thickness. 

163 (Fig. 325). Draw two and one-half turns of a L.H. helical conveyor. 
P = 114"; outside diameter = 214”; shaft = 1 in. Show one-half of one turn 
invisible. 

164 (Fig. 326). Grain is to be transferred from bin A to bin B by means of a 
helical conveyor. With two turns required to make one complete transfer, draw 
one view of the conveyor. The thickness of metal in the conveyor is 14” and the 
direction of rotation of the shaft is shown. 
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Sections 


The following problems may be used separately as section problems, or the 
sections as recommended may be used as a part of other problems where a section 
view seems desirable. 

165 (Fig. 298). Take a section through the turret tool post on the vertical 
center line of the front view, and as viewed from the left of the position shown. 
Show all that lies behind the section plane. Time: 2 hours. 

Note.—This figure is shown at full size. 

166 (Fig. 300). Draw the circular view of the pointing-tool body and a 
section view (viewed from left) taken on the vertical center line of the front 
(circular) view. Time; 21% hours, : 

167 (Mig. 804). Draw the front view (lower left), right-side view, and top 
view as a section taken on the horivontal center line of the front view of the 
centering tool body, ‘The figure shown in at one-quarter alse, 
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Fig. 325.—Thread problems. 


Fic. 324.— Roving reel. 





Via, §20.—Conveyor, 















































308 MACHINE DRAWING 


taking a vertical-section plane on the horizontal center line of the top view, of the 
threading-tool body (B). Time: 2 hours. fast 

170 (Fig. 321). Draw the front view, side view, and top view in section, 
taking a vertical-section plane on the horizontal center line of the top view of the 
main casting of the bench grinder. ; : ; 

Note.—This may be done without drawing the front and side views if desired. 

171 (Fig. 322). Draw the section view using a vertical-section plane on the 
horizontal center line of the top view of the air-vise base (A). Show all surfaces 
behind the section plane. Time: 2 hours. ; 

172 (Fig. 311). Draw the complete circular view and a section view of the 
cutter-adapter assembly, taking a vertical-section plane on the vertical center line 
of the circular view. Time: 21% hours. 

173 (Fig. 311). Draw the circular view and a section view of the cutter- 
adapter assembly, taking a horizontal-section plane on the horizontal center line 
of the front view. Time: 214 hours. 


168 (Fig. 309). Draw a section view only of the main frame (D,) of the 
indenting machine, taking a vertical-section plane on the horizontal center line 
of the top view. The figure is one-quarter size. Time: 2 hours. — | 

169 (Fig. 319). Draw the top view, left-side view, and front view in section, 


Sketching 


174 (Fig. 288). Sketch in three views the rod support. ; 

175 (Fig. 289). Sketch in three views the reducing coupling. 

176, 177. Sketch in orthographic projection the views which will best describe 
the valve-locking lever (Fig. 286); the tool-rest guide (Fig. 287). 

Many other problems for sketching may be found among the illustrations of 
the text. 
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Anneal.—To soften a metal piece and remove internal stresses by heating to its 
critical temperature and allowing to cool very slowly. 

Arc weld.—To weld by electric are process. 

Bore.—To enlarge a hole with a boring tool as in a lathe or boring mill. 

Boss.—A cylindrical projection on a casting or forging. 

Braze.—To join by the use of hard solder. 

Broach(v).—'To finish the inside of a hole to a shape usually other than round. 
(n). A tool with serrated edges, pushed or pulled through a hole to enlarge it 
to a required shape. 

Burnish.—To smooth or polish by a rolling or sliding tool under pressure. 

Bushing.—A removable sleeve or liner for a bearing. 

Carbonize.—To prepare a low-carbon steel for heat treatment by packing in a 
box with carbonizing material, such as wood charcoal, and heating to about 
2000°F. for several hours, then allowing to cool slowly. 

Case-harden.—To harden the surface of carbonized steel by heating to critical 
temperature and quenching, as in an oil or lead bath. 

Chamfer.—To cut away a sharp external edge. 

Chill.—To harden the surface of cast iron by sudden cooling against a metal mold. 

Chip.—To cut or clean with a chisel. 

Core(v).—To form the hollow part of a casting, using a solid form made of sand, 
shaped in a core box, baked and placed in the mold. After cooling the 
core is easily broken up, leaving the casting hollow. 

Counterbore(v).—To enlarge a hole to a given depth. (n). 1. The cylindrical 
enlargement of the end of a drilled or bored hole. 2. A cutting tool for 
counterboring, having a piloted end of the size of the drilled hole. 

Countersink(v).—To form a depression to fit the conical end of a screw, or the 
thickness of a plate, so the face will be level with the surface. (n). A conical 
tool for countersinking. 

Crown.—Rounded contour, as on the face of a pulley. 

Die.—1. One of a pair of hardened metal blocks for forming, impressing or cutting 
out a desired shape. 2. (Thread.) A tool for cutting external threads. 
Opposite of tap. 

Die Casting.—A very accurate and smooth casting made by pouring a molten 
alloy or composition, as bakelite, usually under pressure into a metal mold or 
die. Distinguished from a casting made in green sand. 

Die Stamping.—A piece, usually of sheet metal, formed or cut out by a die. 

Draw(v).—-1. To form by a stretching process. 2. 'To temper steel by gradual 
or intermittent quenching. 

Drill(v).—To sink a hole with a drill, usually a twist drill. (nm). A pointed 
cutting tool rotated under pressure. 

Drop Forging.—A wrought piece formed hot between dies under.a drop hammes 


or by pressure. a 
"Reproduced in large part from Pronoun, “HNarnworina Drawine” by 
permission, 
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Face.—To machine a flat surface perpendicular to the axis of rotation on a 
lathe. 

Feather.—A flat sliding key, usually fastened to the hub. 

File.—To finish or trim with a file. 

Fillet.—A rounded filling of the internal angle between two surfaces. 

Fit.—Closeness of contact between two machine surfaces. The recommendations 
of the American Standards Association are fully described in the text. 

Flange.—A projecting rim or edge for fastening or stiffening. 

Forge.—To shape metal while hot and plastic by a hammering process by either 
hand or machine. 

Galvanize.—To treat with a bath of lead and tin to prevent rusting. 

Graduate.—To divide a scale or dial into regular spaces. 

Grind.—To finish or polish a surface by means of an abrasive wheel. 

Harden in Cyanide.—To harden the surface of a part with cyanide. 

Key.—A small block or wedge inserted between shaft and hub to prevent cir- 
cumferential movement. 

Keyway, or Keyseat.—A groove or slot cut to fitakey. A key fits into a keyseat 
and slides in a keyway. 

Knurl.—To raise or indent a turned surface with a knurling tool. 

Lap(n).—A piece of soft metal, wood, or leather charged with abrasive material, 
used for obtaining an accurate finish. (v). To finish by lapping. 

Lug.—A projecting “ear” usually rectangular in cross section. 

Malleable Casting—An ordinary casting toughened by annealing. Applicable 
to small castings, with uniform metal thicknesses. 

Mill.—To machine with rotating toothed cutters on a milling machine. 

Pack-harden.—To carbonize and case-harden. 

Pad.—A shallow projection usually rectangular. 

Peen(v).—To stretch, rivet or clinch over by strokes with the peen of a hammer, 
(n). The end of a hammer head opposite the face, as ball peen. 

Pickle.—To clean castings or forgings in a hot weak sulphuric acid solution. 

Plane.—To finish work on a planer. 

Polish.—To make smooth or lustrous by friction with a very fine abrasive. 

Punch.—To perforate by pressing a nonrotating tool through the work. 

Ream.—To finish a drilled or punched hole very accurately with a rotating fluting 
tool. 

Rivet(v).—1. To fasten with rivets. 2. To batter or upset the headless end of & 
pin used as a permanent fastening. 

Sand Blast.—To clean castings or forgings by means of sand driven through a 
nozzle by compressed air. 

Shape.—To machine with a shaper, a machine tool differing from a planer in that 
the work is stationary and the tool reciprocating. 

Shear.—To cut off sheet or bar metal between two blades. 

Sherardize.—To galvanize with zinc by a dry-heating process. 

Shim.—A thin spacer of sheet metal for adjusting. 

Snag.—To chip away fins, etc., from a rough casting. 

Spin.—To shape sheet metal by forcing it against a form as it revolves. 

. Spline.—A long keyway, Sometimes, also, a flat key, 
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Spot-face.—To finish a round spot on a rough surface, usually around a drilled 
hole to give a good seat to a screw or bolt head. Cut, usually 1, in. deep, 
by a rotating milling cutter. 

Spot-weld.—To weld in spots by means of the heat of resistance to an electric 
current. 

Swage.—To shape metal by hammering or pressure with the aid of a form or 
anvil called a swage block. 

Sweat.—To join metal pieces by clamping together with solder between and 
applying heat. 

Tap.—To cut threads in a hole with a tapered tool called a tap, having threads 
on it and fluted to give cutting edges. 

Temper.—To change the physical characteristics of steel by a process of heat 
treatment. 

Template.—A flat pattern for laying out shapes, location of holes, etc. 

Trepan.—To cut an outside annular groove around a hole. 

Tumble.—To clean, smooth, or polish castings or forgings in a rotating barrel or 
drum by friction with each other, assisted by added mediums, as scraps, 
“jacks,” balls, sawdust, etc. 

Turn.—To machine on a lathe. Distinguished from face. 

Upset.—To forge a large diameter or shoulder on a bar. 

Weld.—To join two pieces by heating them to the fusing point and pressing or 
hammering together. 




















INDEX 


A 


Acme thread, 91, 92 
Allowances, 62—64 
Alternate sectioning, 49 
Aluminum, 19 
American standard, bolt and nut, 99-104 
cap screws, 108-111 
coarse thread, 93 
fine thread, 94 
machine screws, 106-105 
metal fits, 62-73 
pipe fittings, 231-235 
pipe thread, 228-230 
rivets, 111 
screw threads, 87 
set screws, 112-113 
square and flat keys, 118-114 
T bolts and T slots, 105 
wood screws, 111 
Woodruff keys, 113, 115 
Annealing, 20 
Application of fastenings, 121-182 
Arrowheads, 58-59 
Arms, pulley, 156-158 
Assembly, design, 35 
diagram, 36 
drawing, 35 
erection, 35 
layout, 3, 35 
making, 36 
outline, 36 
working, 36 
Assembly floor, 16 
Auxiliary views, 30-31 


B 


Babbitt, 19, 135 

Ball bearings, 185-140 
table of radial, 140 
table of thrust, 140 

Basic sine, O38 - 

Boarings, 148-140 
anchoring, 145 


Bearings, ball, 135-140 
tables of, 140 
cap, 134-135 
journal, 133 
lubrication of, 187, 145-149 
radial thrust, 136 
roller, 139, 141-144 
table of, 142 
thrust, 188-143 
table of, 140 
Belts, 150-166 
angular drive, 164-165 
calculations, 151-155 
compound drive, 165 
crossed, 153 
leather, 150 
effective tension in, 151 
open, 154 
shifter, 158-159 
Bevel gears, 181-184 
Blue prints, 4, 6, 42 
Bolt circle dimensioning, 81 
Bolts, American Standard, 99-104 
drawbolt, 119, 125-126 
eye bolts, 104, 106 
heads, table of, 100, 103 
stud, 119, 120 
T bolts, 101, 105 
tapbolt, 120 
through, 120 
U.S. Standard, 95-99 
Boring, 12 
Brass, 19, 22 
Broach, 15 
Broaching, 13 
Bronze, 19 
Burmester solution for stepped pulleys, 
162-163 
Bushings, 246-248 


Cc 
Caliper, 15 


Cama, 2046220 
cam curves, 204207 
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Cams, cam factor table, 208 
common types, 203-204 
drawing cylindrical, 213-216 
face, 210-213 
offset follower, 216-218 
plate cam drawing, 209-210 
space limitations, 220 
toe and wiper drawing, 218-219 
uniform motion, 219 

Cap screws, 108-110 

Cast iron, 17 

Casting metals, specifications for, 20-21 

Clamps, 248-249 

Clutches, 192-202 
cone friction, 196-198 
disk friction, 193-196 
multiple disk, 198-200 
positive, 192-193 

Coarse thread series, 93 

Core, 7, 8 

Core box, 7 

Cotter pins, 116, 129 
application of, 127-129 
table of, 116 

Counterbore, 11, 74, 75 

Countersink, 11, 74, 75 

Couplings, 200-202 
compression, 201—202 

table of, 202 
flanged, 200-201 
table of, 201 

pipe, 222 

Crossed belts, 153 

Crosshatching, 45 

Cylindrical cams, 213-216 


D 


Dardelet thread lock, 119 
Designer’s layout, 35 
Detail drawing, 3, 36, 37, 39, 40 
example of, 37 
makeup of, 36 
making, 39 
one view, 39 
Die shop, 9 
Dies, 9 
Dimensioning, 58-86 
bolt circle, 81 
center to center, 79 
continuous, 61 
curves, arcs, ciroles, 82 


Dimensioning, dovetails, 75, 77 
examples of, 84-86 
guide, 83 
kinds of, 61 
limits, 63, 73 
machine finishes, 73-74 
notation, 58-61 
placing, 61 
points of reference, 62 
staggered, 61 
straight spline, 83 
taper pin holes, 80 
tapers, 78-80 
tolerances, 62-63 

Draw bolt, 119, 125-126 

Drawing, department, 4 
detail, 3, 36, 37, 39, 40 
memory, 259 
one view, 39 

Drill, 11, 74, 75 

Drill bushings, 246-248 
table of, 248 

Drill jig, 245 

Drill press, 11 


E 


End mill, 13 
Erection drawing, 35 
Experimental catalogue, 4 
Experimental department, 1 
Extension lines, 59 
Eye bolts, 104-106 

table of, 106 


F 


Fastenings, 87-132 
Feather key, 128 
Fillets, 8, 53 
Finish marks, 60 
Finished bolt head and nuts, 103, 104 
Fits, metal, 62-72 
tables of, 65-72 
Fittings, pipe, 229-235 
Fixtures, 6, 244-249 
Flanged couplings, 200-202 
Flask, 7 
Follower, cam, 203-204 
offset, 216-218 
Forge shop, 9 
Form cutter, 13 
Forma, screw threads, 87 





Foundry, 9 
Fulcrum pins, 130 


G 


Gages, 15 

Gang milling, 13 

Gate valve, 237, 238 

Gears, 167-191 
bevel, 181-184 
common types of, 167 
definitions, 167-170 
Grant’s involute odontograph, 173 
helical, 185-187 
internal, 178-181 
rack, 169-170 
tooth sizes, 169 
vernier gear caliper, 178 
worm, 187-191 

Gib, 129-130 

Globe valve, 232, 236-237 

Grinding, 13, 75, 77, 78 


H 


Half section, 45 
Hardening, 20 

Helical gears, 185-187 
Holding devices, 248-249 
Hubs, pulley, 157 


Inking, 40 

Inspection, 14 
Internal gear, 178-181 
tron pipe, 221 


Jigs, 6, 244-249 
Joints, pipe, 222 
couplings, 22 
fixed flange, 223 
lap, 224 
unions, 223 
welded, 224 
Journal bearings, 133 


K 


Koya, clamped, 126 
feather, 128 
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Keys, square and flat, 113, 114, 126 
table of, 114 
Woodruff, 113, 115, 128 
table of, 115 
Knurl, 78 


Lap joints, 224 
Lathe, 11 
Layout, assembly, 3, 35 
Leather belting, 150-152 
Lettering, inclined Gothic capitals, 32-33 
inclined Gothic lower case, 34 
Limits and fits, 63 
Locking nuts, 118 
Lubrication, 145-149 
drop feed, 145 
felt oiling, 147 
hand oiling, 145 
pad oiling, 147 
ring oiling, 149 
syphon, 146 


M 


Machine finishes, 74-75 
Machine production, 2 
Machine screws, 106-108 
Machine shop, 10 
Machine sketching, 250-259 
Malleable iron, 17 
Materials, 20-23 
symbols for, 46 
Metals, nonferrous, 19 
Micrometer, 15 
Milling machine, 12, 13 


(\ 


N 


Nominal size, 63 
Notation of dimensioning, 58 
Nuts, American Standard, 99-104 
locking, 118 
ring, 118 
table of, 104 
wing, 117, 129, 131 


oO 
Offaet dimensioning, 82 


Oiling, 145-140 
(See alvo Lubrieation) 
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Operations sheet, 5, 38 
Order, of inking, 40 

of penciling, 39 
Orthographie projection, 28-29 
Outline drawings, 36 


P 


Paint shop, 16 
Paper, 24 
Parts not sectioned, 47 
Pattern, 7, 8 
Pattern shop, 6 
Pencil cloth, 39 
Pencils, grades of, 25 
to sharpen, 25 
Photostats, 42 
Pig iron, 17 
Pins, cotter, application of, 127 
fulcrum, 130 
spring cotter, 116 
straight, 119, 123, 124 
taper, 116, 124 
Piping, 221-243 
couplings, 222 
drawings, 239-241 
fittings, tables of, 229-235 
joints, 222-225 
flange, 223, 224, 229 
welded, 224 
materials, 221-222 
sizes, 225 
table of, 226-228 
threads, 228-230 
table of, 230 
unions, 223 
valves, 231, 232, 236-239 
Pitch thread, 88 
Planer, 13-14 
Production department, 2, 4 
Projected area, 134 
Projection, 28, 29, 50 
conventional, 50-59 
true, 50-53 
Pulleys, 150-166 
arms, 156-158 
Burmester solution, 162-164 
calculations, 165-166 
crowning, 155 
face width, 155 
flanged, 155-156 
idler, 158-160 
proportions, 155166 


Pulleys, split, 161 
stepped, 161 
tight and loose, 158 
webbed, 156-157 


R 


Rack, 172 

Ream, 74-75 

Reamer, 11 

Ring nuts, 118 

Rivets, American Standard, 111-112, 
127-128 

Rolled shapes, 10 

Roller, tapered, 143 

Roller bearings, 139 

Rough stock, 10 — 


: 


Scale, architect’s, 26 
civil engineer’s, 26 
flat, 26 
mechanical engineer’s, 26-27 
triangular, 26 
use of, 27 

Screw threads, 88 
American National Standard, 93-94 
lead, 88 
pitch, 88 
(See also Threads) 

Screws, American Standard cap, 108-110 
American Standard machine, 106, 108 
American Standard set, 112-113, 121- 

123 
binding, 124 
thumb, 117, 129-130 
wood, 111 

Sections, 44 
alternate, 49 
in assembly drawing, 48 
broken out, 50 
half, 45 
outline sectioning, 47 
phantom, 49 
revolved, 48 
sliced, 45 
symbols for materials, 46 

Self-locking thread, 118 

Semi-steel, 17 

Set screws, 112-113 
application of, 121123 

Shaper, 1814 





INDEX 


Shapes, rolled, 10 
Shop terms, 309-311 
Size dimensions, 60, 61 
Sketches, preliminary, 1, 3 
Sketching, dimensioning, 255 
machine, 250-259 
materials, 250 
measure, 254-255 
pictorial, 256-258 
proportion, 254-255 
steps in, 256 
Split pulley, 161 
Spot face, 78 
Spring cotter pins, 116 
Spur gears, 168-180 
Square thread, 91, 92 
Standard sizes, 62 
Steel, 18, 21-22 
Bessemer, 18 
blister, 18 
crucible, 18 
electric furnace, 19 
high carbon, 19 
low carbon, 19 
medium carbon, 19 
open hearth, 18 
specifications for, 21-23 
Stepped pulleys, 161-164 
Straight pins, 119 
Structural shapes, 10 
Studs, 129-130 
Symbols for materials, 46 


T 


T bolts, 101, 105, 249 
table of, 105 
T slots, 105, 249 
table of, 105 
Tap, 11, 74-75 
Tap bolt, 120 
Taper pins, 116 
Tapers, 78-80 
Tapped holes, representation of, 89 
Teeth, gear, 169 
Tempering, 20 
Testing, 4 
Title, standard, 41 
Title design, 34 
Throada, neme, D102 
table of, 02 
Amerioan National Standard, O84 
common forme of, 87 


Threads, pipe, 228-230 
self-locking, 118 
sharp V, 90-91 
table of, 90 
square, 91-92 
table of, 92 
U.S. Standard, 90-91, 95-97 
table of, 90 
Whitworth, 93 
Through bolt, 120 
Thrust bearing, 143, 145 
Thumb screws, 117, 129, 136 
Tolerances, 62-64 
Tool design, 6 
Tools, machine, 6 
small, 6 
Tracing, 40 
Tubing, 22-23 
Turnbuckles, 104, 107 


U 


Unions, 223 


EE EE Ee 


317 


U.S. Standard bolts and nuts, 95-99 
U.S. Standard threads, 90, 91, 95-97 


V 


V threads, 87 

Valves, 231-232, 236-239 

Views, auxiliary, 30, 31 
orthographic, 27-29 
selection of, 29 
sketching, 256 


W 


Washers, cast iron, 104, 106 
keyed, 131, 132 
plain, 119-120 
Welded pipe, 224 
White iron, 17 
Wing nuts, 117, 129, 131 
Wire, 23 
Wood screws, 110-111 
Woodruff keys, 113-115 
Worm gears, 187-191 
Wrought iron, 18 


Zoo bar, 10 





: DECIMAL EQUIVALENTS OF 
PARTS OF AN INCH 


\ eh es 016625 Bie 515625 
Kee h S of 03125 Bet a 53125 
Opa 046875 Bisco 546875 
De cd, weal: eed Been ad 5625 
Bie og 078125 a: 578125 
Bethke 09375 Been uta 59375 
eb iae <n3 109375 Eo toss 609375 
Bre Sead Wah 125 Pd ch ere 
Belt Se 140625 so 640625 
We ces sucids 15625 Mr aa ily cl 
eam 171875 RY! 671875 
Mee ce torts 8 1875 MO gt ric a 
eae ee 203125 Mord 703126 
ee at waaled 21875 ea 71875 
a doe 234375 #4... 734876 
re es: 25 fii cy beaeed 7 
ccd 265625 ees 765625 
Wet atts 28125 ets 78125 
te 296875 03 796875 
Be hic aie esc 25 ders austen 81 
Sect. w8 328125 MeN 828125 
Te ee 34375 SN LED 
Be iho 359375 Bias 859375 
Bessie 375 ee cnet 5 
kee 390625 a 
ee ae 40625 Moy oy 90625 
RRS 421875 Me 921875 
Wee aah 437 ude ee de 7, 
Myc 453125 Sel 953126 
A Yh bia hg 46875 RN OREN 96875 
; Bey a 484375 ‘ WU vie 984375 





